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(g) N-ACETYLCARBOXYMETHYLCHITOSAN DERIVATIVE AND PRODUCTION THEREOF. 



® A novel N-acetylcarboxymethylchitosan derivative represented by general formula (1) and having the 
following properties (1) to (4): (i) degree of carboxymethylation: 0.5 - 1.2. (2) molecular weight (according to gel 
filtration): 3.000 - 300,000. (3) a/(a + b): 0.01 - 1 wherein a = a, + a^. (4) P/X (by mole): 0.1 - 1. Formula (I) 
^ wherein R, and R2 represent each hydrogen or carboxymothyi; P represents R3CO. R,NH or RsQ- Q represents 
< D^2^?f" °' hydroxy; X represents a peptide chain containing 1 to 10 same or different amino acid residues- 
R3COOH, R*NH2 and R5OH represent carboxylic acid, amine and alcohol compounds, respectively a, and aj 
O represent each 0 or a positive integer except for the case where both of them are 0 at the same time- and b 
w represents a positive integer. When the P group in the formula (I) represents a group derived from a 
pharmaceutical compound, the substance of the formula (1) is useful as a drug improved in the directivity toward 
'<r a target organ. 
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Technical Field 

This invention relates to novel N-acetylcarboxymethylchitosan derivatives or N-acetylated carbox- 
ymethylchitosan derivatives and processes for the preparation thereof. More specifically the present 

5 invention is concerned with an in vivo targeting technique for medical or pharmaceutical compounds and 
thus concemed with novel N-acetylcarboxymethylchitosan derivatives v^hich are useful as polysaccharide- 
type of hign-molecular carriers utilizable for enhancing the stability of pharmaceutical compounds in blood 
the organotropism of pharmaceutical compound and the biodegradability of medicinal product prepared 
This invention also pertains to novel N-acetylcarboxymethylchitosan derivatives in the form of complexes as 

10 linked to the pharmaceutical compounds. 

Background A rt 

Use of water-soluble, high-molecular substances as the carriers for drugs, namely, pharmaceutical 
compounds has been attempted to date especially in the field of pharmaceutical preparations and a 
number of related techniques have been provided. These water-soluble, high-molecular substances as the 
drug earners are already known widely. In many instances, a cellulose derivative such as carboxymethylcel- 
lulose. hydroxypropylcellulose or hydroxypropylmethylcellulose is used. However, these conventional tech- 
niques are concerned with so-called sustained release of drugs and have not been developed to techniques 
or delivery of a drug to a tissue where the drug is required, when necessary, only In an amount as needed 
It IS the current situation that no satisfactory technique has been developed yet for using a water-soluble 
high-molecular substance as a carrier for delivery of the drug. For example, there are the below-described 
publications 1) and 2). The publication 1) discloses use of carboxymethylchitin as a fine particulate carrier 
of the implanted type, whereas the publication 2) discloses use of carboxylated dextran as a carrier for the 
25 formation of its complex with a drug. 

1) WATANABE. K. et al.. "Chem. Pharm. Bull.." 38. 506-509. (1990). and 

2) SEZAKI. Hitoshi. ."Yakugaku Zasshi.: 109. 611-621. (1989) 

Although the technique disclosed in thi" publication 1) perceived the gelling ability and the in vivo 
biodegradability of carboxymethylchitin and makes use of these properties, carboxymethylchitin is of the 
type which IS implanted to a particular local site in the body so that this technique does not go beyond the 
boundary of the controlled release of a drug and is not expected to enhance the organotropism of a drug to 
a target cancer tissue or a target organ. On the other hand, the drug complexes disclosed in the publication 
2) suggests the possibility of excellent drug-delivery, but functional groups of said carboxylated dextran 
which are usable for the molecular modification of drug-complexes to facilitate the delivery of drugs are 
35 limited to alcoholic hydroxyl groups. 

Reflecting the development of an increasing number of the anticancer agents, brain disease-curing 
drugs and the like, there is an outstanding need for the urgent establishment of targeting technology for 
these drugs with using a water-soluble, high-molecular substance. Nevertheless, the prior art techniques 
have not brought about any fully satisfactory solution. 

To complete a targeting technique for drugs, namely, pharmaceutical compounds, by using a water- 
soluble, high-molecular carrier, it is necessary as prerequisites therefor, firstly that a complex of carrier with 
a drug remains stable in blood after its administration by intravenous injection until its arrival at a target 
organ, m other words, the drug can be maintained at a necessary concentration in blood, secondly that the 
carrier is subjected to gradual degradation in the body and consequently the carrier does not remain for a 
long time in the human body, and thirdly that the carrier as linked to the drug in the form of the complex 
exhibits by itself the tendency of an organotropism in vivo. Therefore a carrier must be provided, first of all 
as one being capable of meeting these requirements all together. 
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With a view toward overcoming such problems, the present Inventors have proceeded with a variety of 
investigations. As a result, the present inventors have now succeeded in synthesizing as novel substances 
certain N-acetylcarboxymethylchitosan derivatives, namely N-acetylated carboxymethylchitosan derivatives 
by introducing an N-peptide chain and N-acetyl group into amino groups of such a depolymerised 
carboxymethylchitosan. which has been obtained by subjecting the aforementioned carboxymethylchitin to 
enzymatic treatment and alkali treatment. In addition, we. the present inventors, have unexpectedly found 
that these N-acetylcarboxymethylchitosan derivatives are useful as carriers capable of satisfying the 
different requirements described above and also that their use can achieve the above objects. It has also 
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been revealed that the selection of suitable peptide chains as said N-peptide chain to be introduced will 
enable to broaden the range of applicable pharmaceutical compounds to the wide range of compounds 
having carboxyl group, compounds having amino group, and alcoholic compounds and, moreover can 
provide the resulting complexes with a tendency of the organotropism in vivo to a particular organ ' This 
invention has been completed based on these findings. 

The present invention will hereinafter be described in detail. 

Novel substances according to the present invention are N-acetylcarboxymethylchitosan derivatives 
represented by a general formula (I) given below. These novel derivatives are characterized as one of their 
features by that the hydrogen atoms of some of the 6-hydroxyl and/or 3-hydroxyl groups of glucosamine 
which IS the constituent sugar unit of the chitosan of said derivatives, have been replaced by carboxymethyi 
groups: the hydrogen atoms of the 2-amino groups present in some of the sugar units have been replaced 
by acetyl groups; and the hydrogen atoms of the 2-amino groups present in other some of the sugar units 
have been replaced by peptide chains or amino acids. 

A novel N-acetylcarboxymethylchitosan derivative according to the first aspect of the present invention 
IS represented by the following general formula (I): 
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In the formula (I). R, and Ra individually mean H or carboxymethyi group with the proviso that they do 
not stand for H at the same time. 

Further, in the above formula. P denotes a group RaCO-, a group R^NH- or a group R5O-. Here in an 
instance, P may be linked to an N-terminal amino acid of an N-peptide chain which is the peptide attached 
D r!X °* glucosamine moiety and is represented by X. In this case. P means the group 

R3CO-. In another instance, P may be linked to a C-terminal amino acid of said N-peptide chain as 
represented by X, and in(this instance P may mean the group R4NH- or the group RsO-. In the above it is 
assumed that R3COOH denotes a compound having carboxyl group, that is. a compound of carboxylic kcid- 
type. R4NH2 denotes a compound having amino group and R5OH denotes an alcohol compound 

Descnbed specifically, in many instances, the R3CO- group can be a protective group for an amino 
group, or an acyl group originated from a pharmaceutical compound of the carboxylic acid-type. Illustrative 
examples of such ammo-protecting groups include alkoxycarbonyl groups such as tert-butoxycarbonyl and 
aralkyloxycarbonyl groups such as p-methoxybenzyloxycarbonyl. As an alternative, the R3CO- group can 
also be such a group that its corresponding R3COOH denotes a pharmaceutical or drug compound of the 
carboxylic acid-type, for example, methotrexate. 

Examples of the RsO- group include lower alkoxyl groups useful as protective groups for carbonyl 
group, for exan-iple. t-butyloxy; and aralkyloxy groups, for example, benzyloxy. As an alternative, the RsO- 
group can be such a residue which is formed by removing H from the alcoholic hydroxyl group of an 
alcohol-type pharmaceutical compound Rs OH. 

The R«NH- group can be a protective group of the amido-type for protecting carboxyl group for 
example, a lower alkylimino group such as methylimino. As an alternative, the R.NH- group can be such a 
group that Its corresponding R4NH2 represents a pharmaceutical compound of the type of compounds 
having ammo group(s), for example, daunorubicin or triprolidine. 

Q stands for H or a group-OH. Q may be bonded to the N-terminal amino acid of the r>J-peptide chain 
as represented by X. In this case. Q means H. In another case, Q may alternatively be bonded to the C- 
terminal ammo acid of the N-peptide chain as represented by X, wherein Q means the group -OH 

Further, X in the formula (I) represents a peptide chain containing same or different, one to ten amino 
acid(s). Here, it is to be noted that a single amino acid is also interpreted as being embraced by the 
peptides .n this specification. This "peptide chain" should be interpreted as embracing not only such 
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peptide chains composed of amino acids alone, but also such peptide chains comprising amino acids and 
containing one or more compounds different from the amino acids in part(s) of the peptide chain. In the 
latter case, the different compound(s) may be a dibasic acid, especially a dibasic carboxylic acid such as 
succinic acid which can be interposed and connected to an intermediate or terminal amino acid(s) in the 
5 peptide chain so that peptide chain(s) containing same or different amino acids is or are constructed as a 
whole consequence. 

In addition, the N-acetylcarboxymethylchltosan derivative represented by the formula (I) includes its 
salts, especially alkali metal salts at the carboxymethyl group of said derivative, for example, the sodium, 
potassium and ammonium salts. 
TO In the derivative having the formula (!) according to the first aspect of this invention, the number of 

amino acids forming the peptide chain X may be generally 1-4 In account of release of the drug compound 
and antigenicity of the derivative, with 3-4 amino acids being particularly preferred. The followings are 
examples of the moiety XP in such cases where the peptide chain X present in XP in the formula (I) 
represents a peptide chain composed of 1-4 amino acids alone and P is linked to the N-termlnal amino acid 
75 of the peptide chain. In such cases, the peptide bond existing in the peptide chain X Is in the form of 
-NHCO- as viewed from the side of the chitosan unit. 

P-Phe-Phe-Gly-. 

P-Gly-Phe-Gly-GIy-, 

P-Phe-Gly-Phe-Gly-. 
20 P-Gly-Phe-Gly-Phe-. 

P-Gly-Gly-Gly-, and 

P-Ala-Gly-Gly-Gly-. 

The followings are examples of the moiety XP in such instances where the peptide chain X present in 
XP represents a peptide chain containing a dibasic acid and 1-4 amino acids and P is linked to the C- 
25 terminal amino acid of the peptide chain. In such instances, the peptide bond existing in the peptide chain X 
is in the fonr) of -CONH- as viewed from the side of the chitosan unit. 
-Suc-Ala-Ala-Ala-P, and 
-Suc-Ala-Ala-Val-Ala-P 
In which Sue represents the residue of succinic acid. 
30 Further, other illustrative examples of the amino acid sequences usable for the peptide chain X in 
accordance with this invention include: 
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(i) H-Gly-Gly-Giy-Val-Ala-OH, 
-Gly-Gly-Giy-Leu-Ala- , 
^ -Gly-Gly-Phe-Leu-Gly- , 

-Gly-Gly-Phe-Try-Ala- , 
,Q -Gly-Gly-Gly-Gly-Gly- , 

(ii) -Gly-Gly-Gly-Phe-Leu-Gly- , 
-Gly-Gly-Gly-Gly-Leu-Ala- , 
-Gly-Gly-Giy-Gly-Gly-Gly , 
(iii) -Gly-Gly-Gly-Gly-Phe-Leu-Gly- , 
- (Gly ) , - (Gly ) ^-Lue-Ala- , 
(iv) - (Gly) ^-Phe-Leu-Gly , 



75 



25 



-(Gly)g-, 
(v) -{Gly)g-, and 



30 



35 



(vi) -(Gly)^Q-. 

nh.H'® '°"o^i"9s are illustrative examples of parent drug compounds from which the residue (P-) of the 
pharmaceutical compound usable in this invention can be derived- 

triproTd!n::SLnuTetc. '^-in. rnitomycin C. 

tir«»™^'-,^\''°"?''°""u °* '^'"""'^ «^^°^ding to the first aspect of this invention is characteris- 
tically specified by .ts carboxymethylation degree, molecular weight (as measured by gel filtration method) 
values of the ratio a/(a + b) and ratio P/X(molar ratio). "^ration method). 

th. fn?l?/m''^T*^^'^*'°" ''^^'^^ determined by colloidal titration or alkalimetry of the compound of 

^^^^^^ ^ -^^^^^ is mad^e to the 

10 3) OKIMASU, Satoru. "Journal of the Society of Agricultural Chemistry". 32. 303-308 (1958) 

,nJnr,lT ^Tr^ '"^^ntion, the molecular weight of the compound of thi-formula (i) according to this 
invention is determined by gel filtration method with using a dextran as standard substance In ExampVes 
Z '""^ """'^'"'^^ ^^'9ht of the compound of the formula (I) and others was measured S a 

°ifra^ore,eT ' ' temperature of 40-C while detecting by means of differential 

rt^ol^. f°;'®-'"®"«°"ed ^^'"6 Of a/(a + b) is a value which may be called, e.g.. "peptide-introducinq 

J" T ' '""^ °* ♦•^^ ""'^'^^^ ^' °^ ^"9^^ substituted by -XP plus he 

50 ZZ Ltl n substituted by -XQ, and b stands for the number of acetyl-substituteS sugar 

hv L , °' -^on^Pound of the formula (I) is substituted either by -XP, or by -XQ o 

compound '° '""''^'^^ """"'^^ °* ^"^^^ molecule of saS 
Incidentally. a/(a + b) Is determined by the following equation (1): 

55 
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A 100- (A+C) 

. (1) 



wherein A means the content (wt.%) of P in the compound of the formula (I); represents the molecular 
weight of P; Ms denotes the average molecular weight of the sugar units of N-acetylcarboxymethylchitosan; 
and C stands for the content (wt,%) of X (when a2 = 0) in the compound of formula (I). C is calculated in 
accordance with the following equation (2): 



C = B(IOO-A) X 10-2 (2) 

wherein B represents the content (wt.%) of X (when = 0) in the compound of formula (I). B can be 
determined by measuring the content of the peptide, for example, after the introduction of peptide but 
before the introduction of P or after removing P from the compound of the formula (I). If the amino acids in 
X show a characteristic absorption, this can be used to determine B directly by absorption spec- 
trophotometry. If the amino acid(s) in X does not have any characteristic absorption, however, B can be 
determined in accordance with the following equation (3). 



D 

B = X 100 (3) 

r (100-D) +D 

wherein D represents the content (wt.%) of XP (when aa = 0) in the compound of formula (I). If P has a 
characteristic absorption, this can be used to determine D by absorption spectrophotometry. Further, r 
indicates a value determined by the following equation (4): 

r = Mpx/Mx (4) 



wherein Mpx and Mx represent the molecular weights of XP and X. respectively. 

Next, the molar ratio P/X is a value which may be called, for example, a degree of introducing 
pharmaceutical compound (P) into the peptide (or termed as degree of substitution with P). and which is 
corresponding to a value of ai/(ai +32). The molar ratio P/X can be determined in accordance with the 
following equation (5): 



In the compound of formula (I) according to the first aspect of this invention, the carboxymethylation 
degree, molecular weight (as measured by gel filtration method), the a/(a + b) value and the P/X value, which 
are calculated as described above, are in the ranges of 0.5-1.2. 3,000-300.000. 0.01-1 and 0.1-1. 

respectively. 

In the present specification, the formula (I) does not indicate anything beyond that, in the molecule of 
the compound represented by the formula (I), the number of sugar units as substituted by -XP (i.e.. 
glucosamine sugar units) is ai. the number of sugar units as substituted by -XQ is a2, and the number of 
sugar units as substituted by -COCH3 is b. The formula (I) indicate neither that the substituted sugar units 
of each of the aforesaid types are successively bonded together as many as their corresponding number 
ai . 32 or b, nor that the sugar units of the aforesaid three types are bonded together in the sequence or 
order as exhibited in the formula (I). 

In addition, a partially N-acetylated carboxymethytchitosan derivative which is lacking some of the N- 
acetyl groups originally present in the compound of formula (I) according to the first aspect of this invention 
is also a novel substance and has a utility, as will be described subsequently. 
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In a second aspect of this invention, therefore, there is thus provided 
carboxymethylchitosan derivative represented by the following formula (II): 



a partially N-acetylated 



10 




(n) 



75 



NH-COCH3 
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In the formula (II). R,. and X have the same meanings as defined in the formula (I) but P is somewhat 

R cTa"Jo Tmm' '^^-^"'^ <•>■ ^ a group -OH a Toup 

??n ^ "^"^ ""'^^^ *° ^'^'"^ ^^'d Of the peptide chain 

X. m some instances. P stands for H or the group R3CO- in this case. P may also be linked to the C- 

R* NH- or the group Rs O- m this case. a. b, and b^ individually represent a positive integer 

Further the compound of the formula (II) can also be characterized by its carboxymethylation decree 
and molecular weight (as measured by gel filtration method) as well as by the a/(a + b) valurand 
form^ra' n H ''\^'''T"'^ "methods as those referred to aLe Irrespect to th^ 

formula ( ). However, b .n the value a/(a + b) in the compound of formula (II) is somewhat different in its 

substituted sugar units plus the number b^ of sugar units in each of which the 2-amino group remains f ee 
without being substituted. These characteristic values of the compound of the formula (!) are inX sar^e 
ranges as those of the compound having the formula (I). 

In the present specification, the formula (II) does not indicate anything beyond that In the molecule of 

numST"' "'T"*"' '"""'^ ""-"^^ ^"9- asUstitut^by -XP ifa the 

number of sugar units as substituted by -COCH3 is b,. and the number of sugar units having the 2-am no 
groups remainmg free and unsubstituted is b.. The formula (II) indicate neither^hat the sugar^unt of each 
o the aforesaid three types are successively bonded together as many as their correspondfng nurnbe a b, 
LlorZaS) °' sequence'or order as sh'wn 

The compound of the formula (II) may be an intermediate useful for synthetizinq and Dreoarina the 
ZTZ:,1TJ:T' and. accordingly, has the industrial applicability 'and princif^l struct'u^C^f t : 
compound same as the compound of the formula (I). 

For example, the compound of the formula (II) where P is the residue R3CO-. R4NH- or R5O- derived 
from a pharmaceutical compound is able to afford the compound of the formula (I) in the form of the 
complex linked to the pharmaceutical compound, when the amino groups of the forme cor^pLuTd ( ) as 

appropriate solvent, for example, pyndine. The compound of the formula (I) according to the present 

mad^To" briinSd'to'tf ' ' "'^"^ °^ ^ P^----«cal compound Is ei^e 

TrTmL H r l . co^^Pound Of the formula (II) after removal of the protective groups from the 

compound of the formula (II) where Ps have been the protective groups, or if such R3COOH R. NH. o! 

Tce^lln """^"^ ""''^'"^ '° compound of formula (11) where Ps are Hs or -OH. Allowed by 

acetylation of the remaining amino groups as described above. 

Best IVIode for Carrying out the Invention 

«,n.^''^'?r-^"°" "^'^ ""^"^^ °' preparation of the compound of formula (I) according to the first 

S'StedTo'theTonr- ' ^ ""^^^"^^^ P'--' invenS,n fs no 

oe limited to the following preparation method. 

can be'S^r^'*'^'"' h"k°"^ "'-""^ ^'^"'"^ P'-°duction of the new substance of this invention 

can be easily prepared by reacting, in the presence of an alkali, monochloroacetic acid with chitin (namely! 
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^-1, 4-po!y-N-acetylglucosamine) which is found widely in cruschymata such as crabs, shrimps and 
lobsters, shells of insects, cell walls of fungi, and the like. By modifying the reaction conditions, carbox- 
ymethylchitln can be obtained with varying carboxymelhylation degrees. Commercial products can also be 
used. 

5 Next, carboxymelhylchitin is reduced in its molecular weight, namely, degraded or depolymerlzed. The 

molecular weight of the resulting depolymerized carboxymethylchitin can be regulated, for example, by 
causing egg white lysozyme to act on a commercially available carboxymethylchitin under controlled 
reaction conditions upon depolymerization of the commercially available carboxymethylchitin. The reaction 
conditions therefor also can vary depending on the carboxymethylation degree (ds: carboxymethylation 
w degree per sugar residue) of carboxymethylchitin to be employed. Where the value of ds is 1.0, for 
example, a depolymerized carboxymethylchitin having a molecular weight reduced to about 1x10^ can be 
obtained by reacting carboxymethylchitin, whose molecular weight is about 1 x 10^ or so. with about 1/400 
volume of egg white lysozyme at pH 6.0 and 37 *C for about 2 hours. 

The carboxymethylchitin so depolymerized is further subjected to de-N-acetylation. This can be 
75 achieved by alkali treatment. By dissolving the depolymerized carboxymethylchitin. for example, in 1 N 
NaOH and heating the resulting mixture under reflux at 100*C for several hours to several tens hours, 
preferably 3-8 hours, the N-acetyl groups are partially removed therefrom so that carboxymethylchitosan 
having some N-acetyl groups still remaining therein is obtained. The carboxymethylchitosan so formed will 
be called "partially N-acetylated carboxymethylchitosan" 
20 The partially N-acetylated carboxymethylchitosan is next dissolved, for example, in a mixed solvent of 

dimethylformamrde and 0.5% aq. NaHCOs solution, followed by adding thereto an N-hydroxysuccinimido 
ester of such a peptide which is usable in this invention and which peptide has had a protective group 
introduced into the amino group of the terminal amino acid of the peptide chain and will hereinafter be 
called simply the "protected peptide" that can be represented by a formula: "HO-X- protective group". Said 
25 N-hydroxysuccinimido ester is an active ester of the protected peptide. They are reacted with each other so 
that the "protected peptide" can be linked to the free amino groups of the partially N-acetylated 
carboxymethylchitosan. By changing the amount of the active ester of the "protected peptide" to be added, 
a complex of "partially-N-acetylated-carboxymethylchitosan-protected peptide" having the protected peptide 
linked In varying amounts can be formed. If the active ester of the protected peptide is reacted in a large 
30 excess, it is possible to obtain a complex where the free amino groups do not exist practically. The active 
ester of the protected peptide can be obtained in a manner known per se in the field of peptide synthesis, 
for example, by dissolving the protected peptide in dimethylformamide. adding N-hydroxysuccinimide and 
N.N'-dicyclohexylcarbodiimide to the solution and then reacting them. 

The concentration of the partially N-acetylated carboxymethylchitosan which is employed in the reaction 
35 mixture for the above reaction linking to the active ester of the protected peptide as described above may 
suitably be 0.1-5% (wt.%). The molar ratio of the sugar residues of the polysaccharide (the chitosan) to the 
active ester of the protected peptide may appropriately range from 20:1 to 1:10. The number of amino acids 
present in the molecule of the protected peptide is in a range of 1-10. 

When the above-mentioned linking reaction is made by using a pharmaceutical compound, namely a 
40 drug compound in place of the protective groups, that is to say, by adding the N-hydroxysuccinimido ester 
of such a peptide which is usable in this invention and which peptide has the drug compound introduced 
therein and is represented by a formula: "HO-X-P" where P denotes the residue R3CO-. the residue R4NH- 
or the residue R5 O-originated from the pharmaceutical or drug compound, there is formed a complex of 
"partially-N-acetylated-carboxymethylchitosan-peptide-drug". 
45 Further, subsequent removal of the protective groups or the drug residue (-P) from the complex which 

has been formed as above will afford a complex of "partially-N-acetylated-carboxymethylchitosan-peptide". 

The compound of the formula (II) provided according to the present invention may embrace three types 
of the substances as formed and as described above, and are thus the "partially-N-acetylated- 
carboxymethytchitosan-protected peptide" complex, the "partially-N-acetylated-carboxymethylchitosan- 
50 peptide-drug" complex, and the "partially-N-acetylated-carboxymethylchitosan-peptide" complex. 

The compound of the formula (II) according to this invention can be converted to the corresponding 
compound of the formula (I) according to this invention when the former compound (II) is dissolved in a 
saturated aqueous solution of NaHCOa and is then reacted with acetic anhydride or another suitable 
acetylating agent, for example, acetyl chloride to acetylate the free amino groups which are remaining in the 
55 complex compound of the formula (II). However, the compound obtained here is such a compound of the 
formula (I) where either a = ai and a2 = 0. or a = a2 and ai = 0. Corresponding to the above-described 
three types of the compound of the formula (II), for example, a complex of "N-acetylcarboxymethylchitosan- 
protected peptide", a complex of "N-acetylcarboxymethylchitosan-peptide-drug" and a complex of "N- 
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acetylcarboxymethylchitosan-peptide- can be produced through the acetylation. respectively. The former 
two complexes just mentioned above are the corresponding compound of the formula (I) where a = a, and 
32 - 0. whereas the last-mentioned complex is the corresponding compound of the formula (I) where a = 
32 and a, - 0. Further, the former two complexes can be converted into the last-mentioned complex 
generally by acid treatment. For example, the "N-acetylcarboxymethylchitosan-peptide" complex can be 
produced by subiecting the corresponding "N-acetylcarboxymethylchitosan-protected peptide" complex to 
mild acid treatment, for example, by treating the latter complex in 0.5 N HCI at 30 'C for 16 hours 

The "N-acetylcarboxymethylchitosan-peptide-drug" complex can be produced by subsequently dissolv- 
described "N-acetylcarboxymethylchitosan-peptide" complex, for example, in 1% aqueous 
NaHC03 solution and then reacting the N-terminal of the peptide chain of the latter complex with a druq 
compound having the carboxyl group in the form of the N-hydroxysuccinimido ester (active ester) of the 
drug compound having the carboxyl group. It is however to be noted that the compound (I) as produced 
here is not necessarily limited to the compound of the formula (I) where a = a, and a? = 0 but in practice 
may be indicated as such compound of the formula (I) where a = a, + and a^ # 0. Thus, for Instance if 
methotrexate (MTX) is chosen as such drug compound here and reacted with the peptide chain of the 
complex, the "N-acetylcarboxymethylchitosan-peptide-MTX" complex can be produced. The content of 
MTX so introduced in the latter complex produced may usually be lower than the content of the peptide 
chain X in the complex. p 

In a third aspect of the present invention, therefore, there is provided a process for the preparation of a 
partially N-acetylated carboxymethylchitosan derivative represented by the following formula (II): 



25 



30 




NH-XP 




(n) 



NH-COCH3 



35 



wherein R, and R2 individually mean H or carboxymethyl group; P denotes a group R3CO- a group R4NH- 
or a group R5O- with assuming that R3COOH der)otes a compound having carboxyl group.' R.NH2 denotes 
a compound having amino group and R5OH denotes an alcohol compound; X represents a peptide chain 
contammg same or different, 1-10 amino acids; and a. bi and individually represent a positive integer; 
and having the following characteristic values (1 )-(4): 



40 



45 



(1) carboxymethylation degree: 

(2) molecular weight <as measured by gel filtration method): 

(3) a/(a + b): [provided that b = bi + b2] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3.000-300,000 

0.01-1 

0.1-1 



Characterized in that the process comprises reacting a compound having the following formula: 
PX-OH (IV) 



50 



Wherein P and X have the same meanings as defined above with a partially N-acetylated carboxymethyl- 
chitosan having the following formula (III): 
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\ 




(m) 



70 



NH-COCH3 



75 



Wherein R, and R2 have the same meanings as defined above and having the following characteristic 
values (1)-(2): 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 



0.5-1.2 

3.000-300.000. 



20 In a fourth aspect of the present invention, there is also provided a process for the preparation of an N- 

acetylcarboxymethylchitosan derivative represented by the following formula (I): 



25 



30 



\ 




(I) 



NH-COCHa 



35 



40 



45 



50 



wherein Ri and R2 individually mean H or carboxymethyl group; P denotes a group R3CO-. a group R4NH- 
or group R5O- with assuming that R3COOH denotes a compound having carboxyl group, R4NH2 denotes a 
compound having amino group and R5OH denotes an alcohol compound; Q stands for H or a group -OH; X 
represents a peptide chain containing same or different, one to ten amino acids; ai and a? individually 
represent zero or a positive integer, provided that both of ai and 32 are not zero at the same time, and b 
stands for a positive integer; and having the following characteristic values (1)-(4): 



(1) carboxymethylation degree: 


0.5-1.2 


(2) molecular weight (as measured by gel filtration method): 


3,000-300.000 


(3) a/(a +b): [provided that a = at + aa] 


0.01-1 


(4) P/X ratio (molar ratio): 


0.1-1 



characterized in that the process comprises:- 

acetylating a partially N-acetylated cartxDxymethylchitosan derivative having the following formula (ir) 



55 
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CH^ORi 
0 




(n') 



15 



20 



25 



30 



35 



Wherein R. and R. individually mean H or carboxymethyl group; P, denotes a group Ra'CO^ a qrouD 

d:note;'; ' f^' "'^"""^ ^^'^^^^ ^^^^^^^ ^ ^^-^-^^ ^--9 "arboxyl gVoup r?nh^ 

denotes a compound having amino group and Rs'OH denotes an alcohol compound; X represents a peptide 
Cham containing same or different, one to ten amino acids; and a. b, and ba individually epresen a 
positive mteger; and having the following characteristic values (1)-(4): represent a 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b): [provided that b = bi + ba] 

(4) Pi /X ratio (molar ratio); 



0.5-1.2 

3.000-300.000 

0.01-1 

0.1-1. 



or 



the groT-OH!ld ' '^'"'""^ acetylation product, where the P, groups are other than H 

form't^a- '^'"'""^ ^^"'"^ ^ compound of the following 

P-H or P-OH (V) 

wherein P means the group R3CO-. the group R4NH- or the group R5O- as defined above 

We the present inventors, have also proceeded with research to further improve the properties of the 
N-acetylcarboxymethylchitosan derivative of formula (I) according to the first aspect of this in^n .on H a 
result we have succeeded in synthesizing as a novel substance such an N-acetylcarboxymXtehitosan 
derivative represented by the following formula (X): wxymeinyicnitosan 



40 



45 



50 



CHzORi 



CHjORi 




CH2OR1 



NH-XP 



NH-XQ 



-•b 



(X) 



NH-COCH3 NH-PEG 



wherein . R^, P. Q and X have the same meanings as defined above in the formula (I) PEG reoresents ^ 
group having the following formula (VI). (VII). (VIII) or (IX): represents a 
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O- (CH2CH20)j^-CH3 



(VI) 



10 



75 



20 



25 



30 



-CO-CH2CH2-CO-0-(CH2CH20)„-CH3 (VII) 
-CO-0-(CH2 CHz 0)o-CH3 ( VIJI) 
-CO-CH2-O-(CH2CH2 0)n-CH3 (IX) 

in which n means the average polymerization degree of the polyethylene glycol chain; ai and 32 individually 
represent 0 or a positive Integer provided that both of ai and a2 are not 0 at the same time; b and c 
individually stand for a positive integer; and having the following characteristic values (1)-'(4): 



(1) carboxymethylatron degree: 


0.5-1.2 


(2) molecular weight (as measured by gel filtration method): 


3.000-300,000 


(3) a/(a + b + c): [provided that a = ai +33] 


0.01-1 


(4) P/X ratio (molar ratio): 


0.1-1 



by replacing a plurality of the N-acetylcarboxymethylglucosamine units, namely the sugar units contained in 
the drivatlve of the formula (I), by a corresponding plurality of such carboxymethylglucosamine units having 
their 2-amino groups substituted with a group which possesses a polyethylene glycol chain therein 
(hereinafter, said group may be abbreviated simply as "PEG"), specifically by such a polyethlene-gly col- 
substituted carboxymethylglucosamine units having the formula (A): 



35 




<A) 



40 



45 



wherein Ri . R2. PEG and n have the same meanings as defined above. Moreover, it has been found that 
the novel N-acetylcarboxymethylchitosan derivative represented by the formula (X) can exhibit a solubility in 
water as enhanced much than the N-acetylcarboxymethylchitosan derivative of the formula (I) itself, and is 
usable as a carrier for the delivery of a drug compound and also can reside or remain for a long time in 
blood after its administration. 

We, the present inventors, have also succeeded in synthesizing as a novel substance such an N- 
acetylcarboxymethylchitosan derivative represented by the following formula (XI): 



50 



55 



BNSDOCIO: <EP 0544000AlJ_> 



13 



1 



EP 0 644 000 A1 




?6 



20 



25 



30 



Wherein R,. R,, P, Q and X have the same meanings as defined above in the formula (I)- ai and a, 
mdividually represent 0 or a positive integer provided that both of a, and a. are not 0 atThTsame ime and 
b and c mdividually stand for a positive integer; and having the following characterStrvaluL 



(1) carboxymethyiation degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b + c): [provided that a = ai +32] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3.000-300.000 

0.01-1 

0.1-1 



by replacing a plurality of the N-acetylcarboxymethylglucosamine units, namely the constituent suoar units 
Of the denvative of the formula (I), by a corresponding plurality of polyol units having the for^u^ (B) 




(B) 



35 



40 



Wherein R, has the same meanings as defined above. Moreover, it has been found that the novel N 

eZZllT^^^^^^ 'r rr "'^"^^"^^^ ^^^"^^'^ exhibit a soS^^^ as' 

rr. "? L . N-acetylcarboxymethylchitosan derivative of the formula (I) itself and is usable as 

a earner for the delivery of a drug compound and can remain and retain for a long time in biL aft^r Us 
adminrstration of the derivative of formula (XI). 

In a fifth aspect of the present invention, therefore.there is provided an N-acetylcarboxymethvlchltosan 
derivative represented by the following formula (X) or (XI): ^ytcarooxymeinyicnitosan 



45 



50 



55 
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CH^ORi 



CH^ORx 



CHjORi 




CH,OR^ 



10 



NH-XP 



NH-XQ 




(X) 



NH-COCH, NH-PEG 



»s 



20 



CH2OR1 




NH-XQ 



b 

NH-COCH3 




CH^OH/ h 
HOH2C 



25 



30 



wherein Ri and R2 individually mean H or carboxy methyl group: P denotes a group R3CO. a group R4NH- 
or a group R5O- with assuming that R3COOH denotes a compound having carboxy! group. R4NH2 denotes 
a compound having amino group and R5OH denotes an alcohol compound; Q stands for H or a group -OH; 
X represents a peptide chain containing same or different, one to ten amino acids; ai and a2 individually 
represent zero or a positive integer, provided that both of ^^ and a2 are not zero at the same time; b and c 
individually stand for a positive Integer, and -PEG represents a group having the following formula (VI). (VII). 
(VIII) or (IX): 



35 




0-(CH2CH20)rv-CH3 



(VI) 



40 -CO-CH2 CH2 -C0-0-(CH2 CH2 0)r,-CH3 

-CO-0-(CH2CH2 0)n-CH3 (VIII) 
-CO-CH2-0-(CH2CH20)„-CH3 (IX) 



45 



60 



55 



(VII) 



in which n means the average polymerization degree of the polyethylene glycol chain; and having the 
following characteristic values (1)-{4): 



(1 ) carboxymethylation degree: 


0.5-1.2 


(2) molecular weight (as measured by gel filtration method): 


3.000-300,000 


(3) a/(a + b): [provided that a = ai +82] 


0.01-1 


(4) P/X ratio (molar ratio): 


0.1-1 



The derivative of the formula (X) according the fifth aspect of this invention is such an N-acetylcarbox- 
ymethylchitosan derivative of the formula (I) where some of the sugar units have been replaced by sugar 
units of the formula (A) given below. On the other hand, the derivative of the formula (XI) according to the 
fifth aspect of this Invention Is such an N-acetylcarboxymethylchitosan derivative where some of the sugar 
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units have been replaced likewise by polyol units of the formula (B) given below. Examoles 17-21 and 

foZra iffn?' T "'^""^ ^«--«t-te some examples of me Tomiund ^f he 

formula (X) and some examples of the compound of the formula (XI), respectively. 



to 



N 




(A) 




CH2OH 
HOH2C 



(B) 



IB 



20 



2S 



r-.rJ T\ f "^^^'^^ °^ formula (A) is such a sugar unit in which the 2-amino grouo of the 

carboxymethylglucosamine unit has been substituted by PEG. Specifically. PEG repres^ts one of orl 
havng the following formulae (VI) to (IX) and containing a polyethytene glojcol cha n ^ 




O- {CH2CH20)n-CH3 



(VI) 



-CO-CH2CH2-CO-0-(CH2CH20)„-CH3 (VII) 
30 -CO-0-(CH2CH20)„-CH3 (VIII) 



35 



40 



45 



50 



55 



-CO-CH2-0-(CH2CH20)„-CH3 



(IX) 



The polyethlene glycol chain contained in each of the groups of the formulae (VI) to (IX) mav have 
T T^^: P°'y«thylene glycol chain which is preferred from the standpS ofTts 

general ava.lab.l.ty .s such that having an average molecular weight of about 5 000 ASrdina Iv the 
foTr^S fJlt ^"^,1- °' PO'vethylene glycol chain preseni in ea^oup o', Te 

nT^r, 'f *° ^^''^^ '^'^ '"^«"«°" "'"ited. however. The contem of he 

polyethylene glycol m the derivative of the formula (X) can be determined by an NMR method fror^ 
measurement of the area of a peak attributable to methylene protons in the polyethylene 7yco° chain 
Greater contents of the polyethylene glycol are preferred and for example, its contents 0^1% (Sy weigh^^^^^^ 

fifth a^rl^^ T °* '"'"""'^ tiemax\s,e of the formula (XI) according to the 

fifth aspect of this mvenfon has a chemical structural feature in that the bond between the carbon aTor^s a^ 
t tuTcitr r ^«rt.oxymethylglucosamine unit has been cleaved by oxiSt on anTtubXen 
Sduction ■ ^^'■^°''y"'«^'^V'9'"-°-«'"'"^ -it has been converted into the form of a polyalc3 by 

of JI"® «/<a*t> + c) value in each of the derivatives of the formulae (X) and (XI) according to the fifth asoect 
Of th.s rnvenfon shows the peptide-introducing degree which may be defined Lilarly S the JfarbWaS 
or the formula (I). The a/(a.b.c) value can therefore be determined using the abov^Catl^ (1) is it is 
in pract.ce. this value may be calculated in exactly the same manner as forL compound of he fo mula n 
wh,le using the above equations (2)-(5). Similarly, the ranges of the carboxyTmTylaSordSree and 
molecular weigh, (as measured by gel filtration method) of the derivatives of formula^ (X) and (Jn can also 
be same as those of the compound of the formula (I). * ' ^° 

r-onJ'T H*"!?" °' '"^ compound of the formula (X) according to the fifth aspect of this invention is 

SoSde "ImT'^TrH^ r " '""^•"^ ^-rtially-N-acetylated-carboxymethylchitosanZ^^e^^^^^ 
peptide complex of the formula (11) and then treating it, as will be described below. Thus, first an active 
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derivative of a PEG chain is reacted with the non-N-acetylated and free 2-amino-group-containlng carbox- 
ymethylglucosamine units existing In the complex of the formula (II) so as to introduce the PEG chain of 
anyone of the formula (VI)-(IX) as a substituent group into some of the free 2-amino groups of said units. 
Further, any remaining free amino groups of the carboxymethylgluocosamine units of said complex are N- 

5 acetylated. The protective groups are then removed from the moiety of the protected peptide present in the 
N-acetylated complex to achieve the deprotection of the latter. A reactive derivative of a drug compound is 
then reacted with the free terminal of the deprotected peptide moiety of the complex so that the drug 
compound (P) is linked to the terminal of the peptide moiety of the complex. 

In the above reaction steps, the various intermediates as formed after the above N-acetylation and the 

10 final product as linked to the drug compound may generically be represented by the formula (X) shown in 
the above. 

The active derivative of the PEG chain can be. for example, an active ester (for example, the N- 
hydroxysuccinimido ester) of 2-O-mono-methyoxy-polyethylene glycol-3. S-dichloro-s-triazine or methoxy- 
polyoxyethylene carboxylic acid. 

75 For the production of the compound of the formula (XI) according to the fifth aspect of this invention, 

the "partially-N-acetylated-carboxymethylchitosan-protected peptide" complex of the formula (II) is prepared 
at first as a starting material similarly to the production of the compound of the formula (X). The starting 
material is then treated, as will be described next. Thus, periodic acid, for example, is first reacted with the 
non-N-acetylated and free amino-group-containing carboxymethylglucosamine units of the starting complex 

20 of formula (II) so that the pyranose rings of the glucosamine are cleaved by oxidation. The aldehyde groups 
as formed by the cleavage is then reduced, for example, with sodium borohydride so that the complex of 
formula (II) is converted into the form of a polyol. The protective groups are then removed from the 
protected peptide moiety of the complex to deprotect the peptide moiety of the complex. A reactive 
derivative of a drug compound is then reacted with the free terminals of the deprotected peptide moiety, 

25 whereby the drug compound (P) is linked to the terminals of the peptide moieties of the complex. In the 
above reaction steps, the various intermediate as formed after the conversion of the complex (II) into the 
polyol and the final product as linked to the drug compound may generically be represented by the formula 
(XI) above. 

The substances of formulae (X) and (Xl) according to the fifth aspect of the present invention have a 

30 high solubility in water, and therefore such drug-delivering carriers and their complexes linked to a drug, 
which have improved water solubility, are provided by the compound of formula (X) or (XI) according to the 
fifth aspect of this invention. According to Experiment 4 to be described hereinafter, it is revealed that the 
substance of formula p<). for example, is excellent in its property of residing or remaining in blood and 
exhibits an improved selectivity to be delivered toward the site of cancer(the organotropism)when said 

35 substance bears an anticancer agent as a drug compound or pharmaceutical compound. 

The derivative of the formula (I) and the dreivatives of the formulae (X) and (XI). all of which pertain to 
this invention, have advantageous properties, as will be described below. 

As will be demonstrated by the experiments to be described hereinafter, the derivatives of the formula 
(I) and (X) according to this invention can remain stable In blood during the period after their administration 

40 by intravenous injection until their arrival at a target organ, and in other words, said derivatives can retain 
their high level required of the substances of this invention in blood. On the other hand, they can undergo 
gradual enzymatic degradation in vivo, so that there is no problem that the N-acetylcarboxymethylchitosan 
unit of this derivative would remain objectionably for a long time in the living body. Further, all the derivative 
of the formula (I) and the derivatives of the formulas (X) and (XI) according to this invention, can be 

45 observed to possess the tendency of organotropism. 

Incidentally, that the tendency of organotropism is possessed by the compounds of the formulae (I). (X) 
and (XI) according to this invention when they are administered, does neither mean anything beyond that 
said compounds can exhibit a tendency of increasing the concentrations of the present compounds as 
measured at the site of a particular target organ, in comparison with such cases when there are 

50 administered such similar compounds which are prepared not in accordance with this Invention, nor it does 
mean that the present compounds of this invention can selectively be delivered only to the site of the 
particular target organ. 

The present invention will hereinafter be described more specifically by the following Examples. 

The first to fourth aspects of the present invention are illustrated by Examples 1-16, while the fifth 
65 aspect of the present invention is illustrated by Examples 17-23. 

In each Example below, the gel filtration was conducted under the following conditions:- a column of 
TSK-gel G4000PWxL was used with an eluent of 0.1 M NaCI at a flow rate of 0.8 ml/min. and a column 
temperature of 40 • C, and with an amount of the sample injected being about 75 ug. 
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Example 1 

5.0 Grams of carboxymethylchitin (its carboxymethylation degree was 1.0 per one sugar reside 
commercially available from Funakoshi Pharmaceutical Co.. Ltd.) were dissolved in 0.05 M acetate buffer 
(having a pH 6.0, 500 ml), to which egg-white lysozyme (12.5 mg) was then added, followed by incubation 
at 37-C for 2 hours for the reaction. The reaction solution obtained was added to ethanol (2 I) The resultinq 
precrpitate was collected and dried in vacuo, whereby 4.25 g of a depolymerised carboxymethylchitin were 
obtained. This carboxymethylchitin (3.9 g) was dissolved in 1 N aq. NaOH solution (390 ml) and the 
resultant mixture was then heated under reflux at 100 'C for 6 hours. After the pH of the resulting reaction 
solution was adjusted to 8. the reaction solution was centrifuged to give a supernatant. The supernatant was 
added to methanol (1.9 I) and the resulting precipitate was collected. The precipitate was dried in vacuo to 
afford 1.91 g of partially N-acetylated carboxymethylchitosan. which may hereinafter be called sTmWTs a 
polysaccharide" and which is one example of the substances of the formula (III). The molecular weight of 

?]^nn°c5^T''!-."^^ '""""^ *° ' by gel filtration method (column: 

ti4000PWxL) while using a dextran as standard substance. 

The above polysaccharide (200 mg) was dissolved in 0.5% aq. NaHCOs solution (20 ml), followed by 
addition of dimethylformamide (17.5 ml) into the resultant uniform solution of the polysaccharide On the 
other hand, a peptide of which the terminal amino group has been protected by tert-butoxycarbonyl qrouo 
(namely, Boc), and which was shown by formula N-Boc-Phe-Phe-Gly-OH. (94 mg). was dissolved in 15 ml 
of dimethylformamide. followed by addition of N-hydroxysuccinimide (23 mg) and N N'-dicyclohexylcar- 
bodiimide (37 mg) to the resulting solution. The protected peptide and the chemical reagents added were 
reacted with each other at 4- C for 24 hours to form an active ester of the N- protected peptide. The whole 
reaction mixture was added to the above-mentioned polysaccharide solution, followed by reaction at 4-C 

""^^ ^° <160 ml). The resulting precipitate was 

collected and then dried in vacuo, thereby to afford 200 mg of a complex of partially-N-acetylated- 
carboxymethylchitosan-Gly-Phe-Phe-Boc [as one example of the derivative of the formula (II)] 

I, Tl't^'^rf <^50 '"Q) dissolved in saturated aq. NaHCOa solution (15 ml), to which acetic 

anhydride (0.6 ml) was then added, followed by the N-acetylation of the complex being conducted at room 
temperature for 17 hours. The resulting reaction solution was neutralized and then poured into ethanol (80 
ml) The resulting precipitate was collected and then dried in vacuo, thereby to afford 154 mg of a complex 
of N-acetylcarboxymethylchitosan-Gly-Phe-Phe-Boc as one"^ple of the derivatives of the formula (I) 
Ultraviolet absorption spectrum and GFC (gel filtration chromatographic) elution pattern of the above 
complex as obtained are shown in FIG. 1 and FIG. 2 of the accompanying drawings, respectively The 
content of the N-Boc-peptide in this complex was determined to be 14.1%(wt.%), by ultraviolet absorption 
spectrophotometry (at 258 nm). *^ 

The above complex (130 mg) was dissolved in 0.5 N HOI (13 ml) and then reacted at 30*0 for 17 
hours, so that the complex was subjected to the deprotecting treatment for removal of the Boc groups from 
the complex. The reaction solution obtained was neutralized and then poured into ethanol(70 ml) The 
resulting precipitate was collected and then dried in vacuo, thereby to afford 121 mg of a complex of N- 
acetylcarboxymethylchitosan- Gly-Phe-Phe-H [as another example of the derivative of the formula (1)1 
Ultraviolet absorption spectrum and GFC elution pattern of this complex as afforded are shown in FIG 3 
and FIG. 4 of the accompanying drawings, respectively. The content of the peptide chain in this complex 
was determined to be 1 1 .3% (wt.%). by ultraviolet absorption spectrophotometry (258 nm) 

Methotrexate (MTX) (182 mg) as a pharmaceutical or drug compound having the carboxyl group was 
dissolved in dimethylformamide (4 ml), to which N.N'-dicyclohexylcarbodiimide (82 mg) was then added 
ollowed by reaction at 4-C for 17 hours. N-Hydroxysuccinimide (46 mg) and pyridine (63 ul) were added 
to the resulting reaction solution, and the reaction mixture so formed was then subjected to the reaction at 
roonr. temperature for 5 hours so that an active ester of MTX was prepared in the resulting reaction solution 
on the other hand, the above complex of N-acetylcarboxymethylchitosan-Gly-Phe-Phe-H (50 ma) was 
dissolved in 0.5% aq. NaHCOa solution (10 ml), followed by addition thereto of 0.5 ml of the above- 
mentioned reaction solution Which contained the active ester of MTX. They were reacted with each other at 
4 c for 15 hours, whereby MTX was linked to N-terminals of the peptide chain -Gly-Phe-Phe-H of the 
complex. Then, the reaction solution so obtained was poured into ethanol (40 ml). The resulting precioitate 
was collected and then dried in vacuo, to obtain 53 mg of a complex of N-acel 
ylcarboxymethylchitosan-Gly-Phe-Phe-MTX (as a further example of the complex of the formula (I)] as 
yellow powder^Urtraviolet-visible absorption spectrum and GFC elution pattern of this complex are shown in 
Mti. 5 and FIG. 6 of the accompanying drawings, respectively. The content of MTX in this complex was 
determined to be 11.5% (wt.%). by ultraviolet absorption spectrophotometry(at 307 nm). Further the P/X 
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molar ratio of this complex, more specifically, the ratio of MTX/peptide (molar ratio) in this complex was 
0.93 as calculated in accordance with the calculation equation (5) described hereinbefore. 

With respect to this complex, the value of a/(a + b) as defined for the formula (I) was approximately 0.09 
as calculated in accordance with the calculation equation (1) given before. 

5 

Example 2 

The partially N-acetylated carboxymethylchitosan (100 mg) obtained in Example 1 above was dissolved 
in 1% aq. NaHCOa solution(10 ml), followed by addition of dimethylformamide (6 ml) into the resulting 
10 uniform polysaccharide solution. A peptide of which terminal amino group was protected by p-methoxyben- 
zyloxycarbonyl group (pMZ), and which was shown by a formula pMZ-Gly-Gly-Gly-OH. (141 mg). was 
dissolved in 4 ml of dimethylformamide, to which N-hydroxysuccinimide (46 mg) and N,N*-dicyclohexylcar- 
bodiimide (74 mg) were then added. They were reacted at room temperature for 3 hours to form an active 
ester of the N-protected peptide. The whole reaction solution containing the above active ester was added 
75 to the above-mentioned polysaccharide solution, to which dimethylformamide (10 ml) was then added. The 
whole mixture was subjected to reaction at 4-C for 23 hours. Water (5 ml) was added to the resulting 
reaction solution, followed by centrifugation to obtain a supernatant. The supernatant was added to ethanol 
(150 ml) and the resulting precipitate was collected. The precipitate was then dried in vacuo, thereby to 
afford 120 mg of a complex of partially-N-acetylated-carboxymethylchitosan— Gly-Gly-Gly-pMZ [as one 
20 example of the derivatives of the formula (II)]. 

In a similar manner to Example 1, this complex (100 mg) was N-acetylated with acetic anhydride, 
whereby a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Gly-pM2, (97 mg) was obtained. Ultraviolet 
absorption spectrum and GFC elution pattern of the resulting complex as acetylated are shown in FIG. 7 
and FIG. 8. respectively. The content of the pMZ-peptide in this complex was determined to be 20.1% 
25 (wt.%) by ultraviolet absorption spectrophotometry (at 272 nm). 

In a similar manner to Example 1. this complex (89 mg) was subjected to acid treatment to remove 
pMZ, the protective groups, whereby 78 mg of a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Gly- 
H were obtained. Ultraviolet absorption spectrum of this complex are shown in FIG. 9. The content of the 
peptide chain in this complex was 11.3% (wt.%) as determined in accordance with the calculation equation 
30 (3) given hereinbefore. 

50 mg of this complex were dissolved in 1% aq. NaHCOa solution (5 ml), to which a solution (1 ml) of 
the active ester of MTX was then added, followed by the reaction at 4'C for 21 hours. The resulting 
reaction solution was poured into ethanol (25 ml). The resulting precipitate was collected and then dried in 
vacuo, to afford 52 mg of a complex of N-acetylcarboxymethylchiotosan— Gly-Gly-Gly— MTX [as a further 
35 example of the complex of the formula (I)] as yellow powder. Ultraviolet-visible absorption spectrum and 
GFC elution pattern of this complex are shown in FIG. 10 and FIG. 11. respectively. The content of MTX in 
this complex was determined to be 21.4% (wt.%) by ultraviolet absorption spectrophotometry (at 307 nm). 
Further, the P/X molar ratio of this complex, more specifically, the ratio of MTX/peptide (molar ratio) in said 
complex was 1 .0 as calculated in accordance with the calculation equation (5) described hereinbefore. With 
40 respect to said complex, Its value of a/(a + b) as defined for the formula (I) was 0.2 as calculated in 
accordance with the calculation equation (1) given hereinbefore. 

Example 3 

45 Egg white lysozyme was reacted with 5.0 g of a carboxymethylchitin (its carboxymethylation degree 

was 1.0 per one sugar residue) in a similar manner to Example 1 to prepare a depolymerised carbox- 
ymethylchitin (4.28 g). A 4.1 g portion of this depolymerised carboxymethylchitin was subjected to alkali 
treatment, whereby a partially N-acetylated carboxymethylchitosan (2.22 g) having a molecular weight of 
about 1x10^ was obtained. 

50 An active ester of an N-protected peptide of formula N-Boc-Gly-Phe-Gly-Gly-OH (90 mg) was reacted 
with the partially N-acetylated carboxymethylchitosan in a similar manner to Example 1 to produce a 
complex of partially-N-acetylated-carboxymethylchitosan— Gly-Gly-Phe-Qly-Boc, (210 mg). A 200 mg por- 
tion of this complex was thereafter N-acetylated to prepare a complex of N-acet 
ylcarboxymethylchitosan— Gly-Gly-Phe-GIy-Boc, (190 mg). The content of the N-Boc-peptide chain in this 

55 complex was determined to be 9.8 wt.% (wt.%) by ultraviolet absorption spectrophotometry (at 258 nm). 

A 160 mg portion of this complex was deprotected by acid treatment in a similar manner to Example 1 
to obtain a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Phe-Qly-H, (144 mg. with a peptide 
content of 7.6%). 
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An active ester of MTX (55 mg) was reacted with a 120 rng portion of the latter complex, whereby a 
cornplex of N-acetylcarboxymethylchitosan-Gly-Gly-Phe-Gly-MTX (127 mg. with an MTX content of 
9J /0) was produced. With respect to this complex, the ratio of IVITX/peptide (molar ratio) in said complex 
and as value of a'(a.b) defined for the formula (I) were 1.0 and 0.07. respectively, as calculated in 
accordance with the aforesaid calculation equations (5) and (1). 

Example 4 

In a similar manner to Example 1. an active ester of an N-protected peptide.N-Boc-Gly-Phe-Gly-Phe- 
OH. (105 mg) was reacted with the partially N-acetylated carboxymethylchitosan (200 mg) which was 

StThe gI, '^'T''^" °' partially-N-acetylated-carboxymethylohitosan-Phe- 

tiiy-Phe-Gly-Boc, (199 mg) was produced. 

A 188 mg portion of this complex was N-acetylated so that a complex of N-acetylcarboxymethyl- 
chitosan- Phe-Gly-Phe-Gly-Boc. (191 mg) was prepared. The content of the N-Boc-pep«de chainTthis 
complex was determmed to be 4.9% (wt.%) by ultraviolet absorption spectrophotometry (at 258 nm) A 160 
mg porbon o this complex was deprotected by acid treatment in a similar manner to Example 1 to afford a 
complex of N-acetylcarboxymethylchitosan-Phe-Gly-Phe-Gly-H. (150 mg. with a peptide content of 4 0%) 

^ cnm T T?" ^ °f ^^^^^ complex. wht?eby 

a complex of N-acetylcarboxymethylchitosan-Phe-Gly-Phe-Gly-MTX (46 mg. with an MTX content of 4 5 
/c) was prepared With respect to this complex, the MTX/peptide molar ratio in this complex and its 

Examp le 5 

^'""v"^' *° Example 1. an active ester of an N-protected peptide.N-Boc-Phe-Gly-Phe-Gly- 

^. J^I'^^t!!'^^ reacted with the partially N-acetylated carboxymethylchitosan (100 mg) as obtained in 
Example 3. Thus, a complex of partially-N-acetylated-carboxymethylchitosan-Gly-Phe-Gly-Phe-Boc (109 
mg) was prepared. ' w^. \iw 

A 90 mg f^rtion of this complex was N-acetylated. affording a complex of N-acetylcarboxymethyl- 
ch,tosan- Gly-Phe-Gly-Phe-Boc. (85 mg). The content of the N-Boc-peptide chain in this complex was 
determined to be 12.7% (wt.%) by ultraviolet absorption spectrophotometry (at 258 nm). A 72 mg portiorof 
this complex was deprotected by acid treatment in a similar manner to Example 1 to prepare a complex of 
N-acetylcarboxymethyichitosan-Gly-Phe-Gly-Phe-H. (63 mg, with a peptide content of 10 4%) 

wh.rth^';*"'^ ^'*f' ^^^.""^^ ""^^ '^^'^^^^ ^ 50 ^"9 P°rt'°" °< the latter complex, 

whereby a complex of N-acetylcarboxymethylchitosan- Gly-Phe-Gly-Phe-MTX (49 mq with an MTX 
content of 9^4%) was produced. With respect to this complex, the ratio of MTX/pept!de (molar rltio) in 
complex and its value a/(a+b) defined for the formula (I) were 0.94 and 0.07. respectively, as calculated in 
accordance with the aforesaid equations (5) and (1). 

Example 6 

/,o«'" ^ f'""^' *° ^''^"'P'® 1' an active ester of an N-protected peptide.N-Boc-Ala-Gly-Gly-Gly-OH - 

(180 mg) was reacted with the partially N-acetylated carboxymethylchitosan (200 mg) as obtained in 
Example 3. whereby a complex of partlally-N-acetylated-carboxymethylchitosan-Gly-Gly-Gly-Ala-Boc (218 
mg) was prepared A 150 mg portion of this complex was N-acetylated. affording a complex o N- 
suSecte??oriH t^l f r?^G'y-G'y-A.a-Boc. (143 mg). A 130 mg portion of the latter complex was 
subjected to acid treatment for the deprotection in a similar manner to Example 1 to produce a complex of 
N-acetylcarboxymethylchltosan— Gly-Gly-Gly-Ala-H, (120 mg) k v,u ..pioA ui 

comlSf ^''T T^' °* ^""^ ""^^ t^ereaner reacted with a 50 mg portion of the last-mentioned 
complex, whereby a complex of N-acetylcarboxymethylchitosan-Gly-Gly-Qiy-Ala-MTX (55 mg with an 
MTX content of 21.5%) was obtained. Ultraviolet-visible absorption spectrum and GFC elution patter^if tSe 
latter complex are shown in FIG. 12 and FIG. 13 of the accompanying drawings, respectively. 

Example 7 

rhl. rT."^"^ N-acetylated carboxymethylchitosan (45 mg). which had been prepared from carboxymethyl- 
chitin (Its carboxymethylation degree was 0.7 per sugar residue) in a similar manner to Example 1 anJ had 
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a molecular weight of about 1 x 10^. was dissolved in a 0.1 M borate buffered solution (pH 8.0. 2 ml) to 
prepare a solution of the polysaccharide. On the other hand, a modified peptide of a formula N-succinyl-Ala- 
Ala-Ala-p-nitroanilide, (45 mg) was dissolved In dimethylformamide (2 ml), to which were then added N- 
hydroxysuccinimide (12 mg) and N,N'-dicyclohexylcarbodiimlde (41 mg). The reaction was made at room 

5 . temperature for 1 hour and then at 4'C for 18 hours, so that an active ester of said peptide having the 
nitroanilide bonded thereto was prepared. The resulting reaction solution was distilled under reduced 
pressure to remove the solvent therefrom. The residue was washed with isopropanol and then dissolved in 
dimethylformamide (0.8 ml). The solution obtained was added to the above-mentioned polysaccharide 
solution, followed by reaction at room temperature for 40 hours. Ethanol was added to the resulting reaction 

10 solution. The precipitate as formed was collected and then dried in vacuo, whereby 46 mg of a complex of 
partially-N-acetylated-carboxymethylchitosan— Suc-Ala-Ala-Ala— p-nitroanilide were obtained. 

26 mg of this complex was taken and dissolved in saturated~aq. NaHCOa solution (3 ml),to which acetic 
anhydride (0.14 ml) was then added, followed by the reaction at 4»C for 24 hours to N-acetylate the 
complex. After the reaction solution obtained was dialyzed against water, the resulting non-dialysable 

75 solution left after dialysis was poured into ethanol. The resulting precipitate was dried in vacuo so that a 
complex of N-acetylcarboxymethylchitosan-Suc-Ala-Ala-Ala— p-nitroanilide (25 mg) was oFtained. Ultraviolet 
absorption spectrum and GFC elution pattern of this complex are shown in FIG. 14 and FIG. 15 of the 
accompanying drawings, respectively. The content of the moiety Suc-Ala-Ala-Ala-p-nitroanilide in this 
complex was found to be 3.9% (wt.%) from its absorption spectrophotometry at 315 nm" 

20 

Example 8 

An active ester of a modified peptide of formula N-succinyl-Ala-Ala-Val-Ala-p-nitroanilide. (55 mg) was 
reacted with the partially N-acetylated carboxymethylchitosan (45 mg) in a similar manner to Example 7 to 
25 prepare a complex of partially-N-acetylated-carboxymethylchitosan—Suc-Ala-Ala-Val-Ala— p-nitroanilide (44 

mg). 

30 mg of this complex was thereafter N-acetylated in a similar manner to Example 7. to give a complex 
of N-acetylcarboxymethylchitosan—Suc-Ala-Ala-Val-Ala— p-nitroanilide (22 mg). The content of the moiety 
Suc-Ala-Ala-Val-Ala-p-nitroanilide in the latter complex was found to be 4.5% (wt.%) from its absorption 
30 spectrophotometry at 315 nm. 

Example 9 

The partially N-acetylated carboxymethylchitosan (50 mg) as obtained in Example 1 was dissolved in 
35 0.25% aq. NaHCOa solution (7 ml), and into the resulting uniform solution of the polysaccharide was added 
dimethylformamide (6 ml). On the other hand, a phenylalanine having been protected by a protective group 
Boc and shown by a formula N-Boc-Phe-OH (256 mg) was dissolved in 3 ml of dimethylformamide, 
followed by addition of N-hydroxysuccinimide (115 mg) and N,N*-dicyclohexylcarbodiimide (190 mg) to the 
resultant solution. The reaction was made at 4*C for 20 hours to prepare an active ester of the N-protected 
40 phenylalanine. A 1 ml portion of the resultant reaction solution which contained said active ester was added 
to the above-mentioned polysaccharide solution, followed by the reaction at room temperature for 20 hours. 
The reaction solution obtained was added to ethanol (35 ml). The resulting precipitate was collected and 
then dried in vacuo, whereby 51 mg of a complex of partia!ly-N-acetylated-carboxymethylchitosan— Phe- 
Boc were obtained. The content of the N-Boc-phenylalanrne (Phe-Boc) in this complex was determined to 
45 be 14.4% (wt.%) from ultraviolet absorption spectrophotometry (at 258 nm). 

Example 10 

The depolymerized carboxymethylchitin (4.1 g) as prepared in a similar manner to Example 3 was 
50 partially de-N-acetylated by alkali treatment and the resulting reaction solution was adjusted to pH 8,5. The 
reaction solution was then centrifuged and the supernatant was added to 4.4-fold volumes of methanol. The 
resulting mixture was separated into the supernatant and precipitate. Ethanol (300 ml) was added to the 
supernatant. The resulting precipitate was collected and then dried in vacuo so that 0.54 g of partially-N- 
acetylated-carboxymethylchitosan having a molecular weight of about 2x10* was obtained. 
55 This chitosan substance (100 mg) was reacted with an N-protected peptide of formula N-Boc-Phe-Gly- 
Phe-Gly-OH, (217 mg) in a similar manner to Example 1, followed by the N-acetylation with acetic 
anhydride, whereby a complex of N-acetylcarboxymethylchitosan— Gly-Phe-Gly-Phe-Boc. (98 mg. with the 
content of the N-Boc-peptide of 28%) was prepared. This complex (80 mg) was deprotected by acid 
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treatment for removal of the Boc groups in a similar manner to Example i, to afford a complex of N- 
acetylcarboxymethylchitosan-Gly-Phe-Gly-Phe-H. (46 mg. with a peptide content of 2^%) 

The active ester of methotrexate (MTX. 69 mg) was reacted with 35 mg of the above comDlex in a 
^m.^r manner to Example 1. so tha, a complex of N-acetylcarboxymethylchitosan-Gly-Phe G^Ph^^M^^ 
(35 mg w,th an MTX content of 19%) was obtained. With respect to this complex, the MTX/peotidrrno lar 
rat.o .n the complex and the value a/(a*b) defined for the formula (I) were 0.92 a^d 0 lV SsStiverLs 
calculated in accordance with the afor^c^,;^ ^^..^^ /irx respeciiveiy. as 



calculated In accordance with the aforesaid equations (5) and (1). 
Example 1 1 



0 



5 



n..ZTf T ^ N-acetylated carboxymethylchitosan (50 mg). which had been prepared in a similar 
ratTn p. T'' H !! ' ""'S*^* °' 2 X 10<. was dissolved in a mixed ^lin o 

water (1^25 ml) and d.methylsulfoxide (1.25 ml). In a similar manner to Example 1 an activVeTterof a 
protected peptide of formula N-succinyl-Gly-Phe-Gly-Lys(.-N-Boc)-0-tBu (169 mg) was reacted t^th th« 
TZ Ti^om"^''' ' °^ Partially-N-acetylated-carbox methW?Lto::n- S^^^^^^^ 

t?^.i,ST H """^ ^""^ ''^"'P'^'' N-acetylated and then, deprotected bl acfd 

treatment to produce a complex of N-acetylcarboxymethylchitosan-Suc-Gly-Phe-Gly-Lys-H (47 mq) 

The active ester of methotrexate (MTX) (23 mg) was reacted with 35 mg of the above comolex 
whereby a complex of N-acetylcarboxymethylchitosan-Suc-Gly-Phe-Gly-Lys-M^ (Srmg with an 

'h"* "''^ was Obtained. Ultraviolet-visible absorption spectrum and GFC elution pXrn of t^^i^ 
complex are shown ,n FIG. 20 and FIG. 21 of the accompanying drawings, respectively 



Example 12 



In a manner similar to Example 1. 25 mg of egg white lysozyme were reacted with sn « 
carboxymethylchitin (its carboxymethylation degree was 0.7 per sugarUd^e) soTa^a dClyr^eLd 
bf ITf ' *T f 9 ^►^'W" ^""stance was parti^Iy ricetySd 

wLtt '.ns f ^ ''"^'^"y N-acetylated carboxymethylchitosan (2.58 g) having a r^o ecufa^ 

weight of about 1 x 10^ (as measured using dextran as a standard substance) molecular 

Giv OH® r^ir ^r*" <'^-'^yd^°xys"cc'"'mido ester) of an N-protected peptide of formula N-Boc-Phe-Phe- 
moMn i """^ above-mentioned partially N-acetylated carboxymethylchtosan (300 

" rr'i' o!""^' *° ^^"""^ ' *° ^ °f partially-N-acet^ated-ca?boSmet^^^^^ 

^a^a Tomnr^ r^^^^^ °' N-acetyLed wiS acetic anhTdriS sL 

SStroTS-:; ~-~V.chitosan-Gly-Phe-Phe-Boc (298 mg. w«h a content of th'e N-Bol! 

oronnJ^n ""3.^°'^'°" °' ^"^^^^ '^^'^P'^x was deprotected by acid treatment (for removal of the Boc 
PtS^PhllH. (^ mg^ *° ^^"'^ ' *° ''^"'^'■^ ^ °' N-acetylcarboxymethylchitosanllly! 

«rin^^L"!PJ°'^'°"* °' ''^^ dissolved in l-Zo aq. NaHCOa solution (7.5 ml), to which was then 

M^T^o^L : °^,"^,«»'^°t^«><ate (MTX) (75 mg). The reaction was made at 4-0 for 24 hours to link 

e^n^ 2o iTrZ rl V "^^'^^y °' «°'"«°" was added to 

ethanol (40 ml). The resulting precipitate was collected and then dried in vacuo, so that a complex of N- 

acetylcarboxymethylchitosan-Gly-Phe-Ph^MTX (75 mg. with an MTX content o 10 1 ^ i^ was obtained 

s^^rn'?nVG?2'andRG'2:':^^ ^"^^ oMht^ ISmp'rTre 

snown in hit.. 22 and FIG. 23 of the accompanying drawings, respectively. 

Example 13 

2.0 g of carboxymethylchitin (its carboxymethylation degree was 0.7) were dissolved in 0 05 M acetate 
buffered solution (pH 6.0. 200 ml), to which egg white lysozyme (2.5 mg) was then added TL resutno 

S tanT/xH "'^^••^'^y « depolymerised carboxymethy^S was 

obtained This depolymerised carboxymethylchitin was then treated with aqueous IN NaOH in a LTr 

righrorabor? x lo^;""' ^ ''■^^^^^■^^^•^ carboxymethylchitosan having 1 mol " la 

Zk! measured using dextran as a standard substance). This partially N-acetvlated 

carboxymethylchitosan (150 mg) was dissolved in 0.5% aq. NaHCOs solution ( 5 ml) ^d then reacted wfth 
an active ester o an N-protected peptide of formula N-Boc-Aia-Gly-Gly-Gly-OH. (135 mgnra sl^^^^^ 
mannerto Example 1. to prepare a complex of N-acetylcarboxymethylchiLan-Q y-Gl-GTy-Air-Boc T 50 
mg). 140 mg portion of this complex was N-acetylated with acetic anhydride to prLuce a complex of N 
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acetylcarboxymethylchltosan— Gly-Gly-Gly-Ala-Boc, (154 mg), 130 mg portion of the latter complex was 
treated with acid to remove the Boo groups therefrom, so that a complex of N- 
acetylcarboxymethylchitosan— Gly-Gly-Gly-Ala-H (106 mg) was prepared. 95 mg portion of this complex 
was dissolved in 1% aq. NaHCOa solution (4.8 ml) and then reacted with the active ester of MTX (86 mg) in 
5 the resulting solution, to produce a complex of N-acetylcarboxymethylchilosan— Gly-Gly-Gly-Ala— MTX (88 
mg. with an MTX content of 13.7 wt.%). 

Example 14 

In a similar manner to Example 1, an active ester of an N-protected peptide of formula N-Boc-Gly-Gly- 
Gly-OH, (109 mg) was reacted with the partially N-acetylated carboxymethylchitosan (150 mg) as obtained 
in Example 12, to prepare a complex of partially-N-acetylated-carboxymethylchitosan— Gly-Gly-Gly-Boc. 
(167 mg), 150 mg of this complex was N-acetylated with acetic anhydride, so that a complex of N- 
acetylcarboxymethylchitosan— Gly-Gly-Gly-Boc; (153 mg) was prepared. A 130 mg portion of the latter 
complex was subjected to acid treatment to remove the Boc groups therefrom and prepare a complex of N- 
acetylcarboxymethylchitosan— Gly-GJy-Gly-H, (110 mg). This complex (100 mg) was reacted with the active 
ester of MTX (90 mg), whereby a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Gly— MTX (111 mg. 
with an MTX content of 17.4 wt.%) was obtained. 

20 Example 15 

In a similar manner to Example 1, an active ester of an N-protected peptide of formula N-Boc-Ala-Gly- 
Giy-Gly-OH (135 mg) was reacted with the partially N-acetylated carboxymethylchitosan (150 mg) as 
obtained in Example 12, to prepare a complex of partially-N-acetylated-carboxymethylchitosan— Gly-Gly- 
Gly-Ala-Boc, (162 mg). 150 mg of this complex was N-acetylated with acetic anhydride so that a complex of 
N-acetylcarboxymethylchltosan— Gly-Gly-Gly-Ala-Boc, (157 mg) was produced. 130 mg of the latter 
complex was subjected to acid treatment to remove the Boc groups therefrom and prepare a complex of N- 
acetylcarboxymethylchitosan— Gly-Gly-Gly-Ala-H. (114 mg). This complex (100 mg) was reacted with the 
active ester of MTX (90 mg). whereby a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Gly-Ala— MTX 
(111 mg, with an MTX content of 17.4%) was obtained. 

Example 16 

In a similar manner to Example 1, an active ester of an N-protected peptide of formula N-Boc-Gly-Phe- 
Gly-Gly-OH, (87 mg) was reacted with the partially N-acetylated carboxymethylchitosan (200 mg) as 
obtained in Example 12. to prepare a complex of partially N-acetylated-carboxymethylchitosan— Gly-Gly- 
Phe-Gly-Boc, (206 mg). 100 mg of this complex was N-acetylated with acetic anhydride so that a complex 
of N-acetylcarboxymethylchitosan— Gly-Gly-Phe-Gly-Boc (92 mg, with a content of the N-Boc-peptide of 
7.4%) was prepared. 80 mg portion of the latter complex was subjected to acid treatment to remove the 
Boc groups therefrom and give a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Phe-Gly-H, (71 mg). 
This complex (50 mg) was reacted with the active ester of MTX (45 mg). whereby a complex of N- 
acetylcarboxymethylchitosan-Gly-Gly-Phe-Gly— MTX complex (50 mg, with an MTX content of 7.0%) was 
obtained. 

45 Example 17 

A 50 mg portion of the complex of partially-N-acetylated-carboxymethylchitosan— Gly-Phe-Phe-Boc 
(with its carboxymethylation degree of 0.7 and a content of the N-Boc-peptide of 13.2%). which was 
obtained in Example 12. was dissolved in 0.1% aq. NaHCOa solution (2.5 ml), to which was then added 2- 

50 O-mono-methoxypolyethylene glycol-3.5-dichloro-s-tria2lne (80 mg)(having a molecular weight of 5,000. a 
product of Sigma Corporation; hereinafter abbreviated as "PEGi "). The reaction was conducted at O'C for 
4 hours. Water (2.5 ml), sodium hydrogen carbonate (500 mg) and acetic anhydride (200 ul) were added to 
the resulting reaction solution which contained a produced complex of partially-N-acetylated- 
carboxymethylchitosan-(PEGi)— Gly-Phe-Phe-Boc. followed by reaction at 4* C for 18 hours to complete the 

55 N-acetylation of said complex. The reaction solution obtained was dialyzed against water. The resultant non- 
dialysable solution was concentrated to 3 ml, to which acetone (90 ml) was added. The resulting precipitate 
was collected, washed with methylene chloride and then dried in vacuo to obtain a complex of N- 
acetylcarboxymethylchitosan-(PEGi )— Gly-Phe-Phe-Boc (72 mg, with the PEG content of 37%). 
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for J^'L^'^TV^^ "^'^^^"^ ^ "^l) the resulting solution was kept at 30-C 

acety.carboxymethy,chitosan-(PEG,)-G.y-Pha-Phe-H (44 mg. with The^ coin 26% jT^^^^^^^^ 

A GFC Glutton pattern of this comDiex is orespntPd in pip oa *u ' obtatned. 

in i-iti. 25 and FIG. 26 of the accompanying drawings, respectively. 



Exanr^ple 18 



20 



it«= .1^° ""^ fu°?'?" "L*'® P^'«"y-N-acetylated-carboxymethylchitosan-Gly-Phe-Phe-Boc comolex ^with 

HOC groups therefrom, to afford a complex of N-acetylcarboxymethylchitosan-(PEGi)-Glv-Phe-Phe-H 
obteiried. '^'^ •^^^'^^ '"9- tf^e PEG content of 6.1o/„ and an MTX content of 8.50/0) was 



Example 19 



Example 20 



latter complex was reacted with the active esffir nf mtv o i ^ ^ 
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Example 21 

A 100 mg portion of the complex of partially-N-acetylated-carboxymethylchitosan— Gly-Phe-Phe-Boc 
(with Its carboxymethylation degree of 0.7 and a content of the N-Boc-peptide of 14.8%). which had been 

5 prepared in a similar manner to Example 12, was dissolved in 0.5% aq. NaHCOa solution (10 ml), to which 
was then added dimethylformamide (8.5 ml) to give a uniform solution. To this solution was added an active 
ester (100 mg) of methoxypolyoxyethylene carboxylic acid (with a molecular weight of 5000, a product of 
Sigma Corporation; hereinafter abbreviated as "PEGco"). and the resulting solution was kept at 4 -C for 18 
hours to effect the reaction to combine the PEGco chain with the non-N-acetylated amino groups which were 

10 present in the sugar units of said complex. The resulting reaction solution was dialyzed against water. 
Sodium hydrogen carbonate (3.6 g) and acetic anhydride (2.1 ml) were added to the resulting non- 
dialysable solution (27 ml), followed by effecting the acetyiation at 4*C for 20 hours, so that the partially-N- 
acetyIated-carboxymethylchitosan-(PEGco)--Gly-Phe-Phe-Boc complex was N-acetylated. The reaction solu- 
tion obtained was dialyzed against water. The resultant non-dialysab!e solution was concentrated to 6 ml, to 

75 which acetone (120 ml) was added. The resulting precipitate was collected, washed with methylene chloride 
and then dried in vacuo , to afford a complex of an N-acetylcarboxymethylchitosan-(PEGco)— Gly-Phe-Phe- 
Boc (109 mg. with the PEG content of 9.0%). 50 mg portion of the latter complex was subjected to the acid 
treatment for removal of the Boc groups therefrom, to prepare a complex of N-acetylcarboxymethylchitosan- 
(PEGco)— Gly-Phe-Phe-H (35 mg. with the PEG content of 4.7%). This complex (25 mg) was reacted with 

20 the active ester of MTX in a similar manner to Example 18, whereby a complex of N- 
acetylcarboxymethylchitosan-(PEGco)— Gly-Phe-Phe— MTX (25 mg. with the PEG content of 4.5% and an 
MTX content of 9.1%) was produced. 

Example 22 

25 

With a partially N-acetytated carboxymethylchitosan (300 mg) which was prepared as in Example 1. 
was reacted an active ester of an N-protected peptide of formula N-Boc-Gly-Gly-Gly-OH(289 mg) in a 
similar mammer to Example 1. to prepare a partially-N-acetylated-carboxymethylchitosan~GIy-Gly-Gly-Boc 
complex (334 mg). 

30 A 125 mg portion of this complex was dissolved in water (12 ml), to which was then added 3.3% aq. 
sodium meta-perlodate (5 ml). The reaction was effected at room temperature for 4 hours in the dark. After 
the resulting reaction solution was dialyzed against water, the resulting non-dialysable solution was 
concentrated to about 12 ml. to which sodium borohydride (30 mg) was added. The reduction reaction was 
then effected overnight. The pH of the resulting reaction solution was lowered to 4.5 and thereafter was 

35 raised back to 8,0 and then added into ethanol (60 ml). The resulting precipitate was collected and then 
dried in vacuo , whereby there was prepared a complex of N-acetylcarboxymethylchitosan— Gly-Gly-Gly-Boc 
(77 mg). of which some pyranose rings had been opened and which was converted into the derivative of a 
polyol. 

A 60 mg portion of this complex was subjected to the acid treatment in a similar manner to Example 1 
40 to remove the Boc groups from the complex, whereby a complex of N-acetylcarboxymethylchitosan— Gly- 
Gly-Gly-H as converted into a polyol derivative was prepared (yield: 46 mg). An active ester of MTX (46 
mg) was reacted with 35 mg of the latter complex to produce a complex of N- 
acetylcarboxymethylchitosan— Gly-Gly-Gly— MTX as converted into a polyol derivative (42 mg. with an MTX 
content of 29%). Ultraviolet-visible absorption spectrum and GFC elution pattern of the last-mentioned 
45 complex are shown in FIG. 27 and FIG. 28 of the accompanying drawings respectively. 

Example 23 

With a partially N-acetylated carboxymethylchitosan (250 mg) which was prepared similarly to Example 
50 1. was reacted an active ester of an N-protected peptide of formula N-Boc-Gly-Phe-Phe-Gly-OH (527 mg) in 
a similar manner to Example 1, to prepare a complex of partially-N-acetylated-carboxymethylchitosan— Gly- 
Phe-Phe-Gly-Boc, (327 mg). A 200 mg portion of this complex was subjected to periodate oxidation and 
then reduced in a similar manner to Example 22 above. Thus, a complex of N-acetylcarboxymethylchitosan- 
-Gly-Phe-Phe-Gly-Boc which had been converted into the polyol derivative (113 mg, with a content of the 
55 N-Boc-peptide of 28%) was prepared. 

A 60 mg portion of the latter complex was subjected to the acid treatment in a similar manner to 
Example 1 to remove the Boc groups from said complex. Thereby, a complex of N-acetylcarboxymethyl- 
chitosan— Gly-Phe-Phe-Gly-H which was converted into the polyol derivative (36 mg. with a peptide content 
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? romn.r^ fT''^'*- J^'^ ""9^ ^^^'^♦^'^ ester of MTX (55 mg) to produce 

a complex of N-acetylcarboxymethylchitosan-Gly-Phe-Phe^ly-MTX (22 ma with an mt? rnntTnt «^ 
19%) wf^ich was cor,verted into tf,e po.yo. darivaL. With respect t^thL co^erthe idJ 
rat.o .n sa.d complex and its value of a/(a *b) as defined for tf.e formula (I) were 0.93 and 0 iTas SLTatd 
by the aforesaid equations (5) and (1). respectively calculated 

the fSnrExtlentt-r '""^"'^ °^ ^^"^^^^'^^ '° tested by 



70 



Experiment 1 



[Samples and Test Procedures] 



75 



20 



th« T'^f^'^-f ^♦y'°^^''°'<y'"^<f^y'chitosan-Gly-Phe-Phe- MTX complex obtained in Example 1 as well as 
the N-acetytcarboxymethylchitosan-Gly-Gly-Gly-MTX complex obtained in Example 2 wert ^ken as test 
samoirr ; " Physiological saline to prepare two solutions of 400 Tg/ml of the 

sample. To plasma (190 ul) which had been obtained by centrifuging a volume of blood co^e^ed frlr^ 
several m.ce was added a 10 ul portion of each solution of the sample^ollowed by^ea^on at 37 • C F om 
the resut^mg react.on mixture were separated test solutions at intervals of time. Aftereach tesf sol^rn of 
methodT """"T •^'eproteinized. the test solutions were analyzed by gel fuJlton chrom?<^^ar^ 
method (usmg a column of TSK-gel G4000 PWx.. as eluted with 0.1 M NaCI ai flow ra^e of 0 8 mlSn TnH 



25 [Test Results] 



30 



35 



ci^JnVT '^T^ °' accompanying drawings, which is a graph showinq time- 

dependent vanat.ons m the percentages of the residual content of I^TX. which was present in trnilZ, 

srintat:? ; : s rti^oT^^^-Tr^ Q-phTheTrrnirwi^^^t: 

pTex wS the f!iiTl °btamed with the N-acetylcarboxymethylchitosan-Gly-Phe-Phe-MTX com- 

ctosL'- a;-;tS^?TxTm^^^^^^ '"'"'^^^ "^""^ ^'"^ N-acetylcarboxymeth:,- 

the ^.z:^^:-:^^ '^^^itr.^-^''- — -^--on m 



Experiment 2 

[Samples and Test Procedures] 



40 



45 



ExperiSntTr^^^^ ""1 then analyzed by gel filtration chromatographic method as descr bed n 
txperiment 1. In this way. prolongation in the elution time of the complex (upon the oel filtration! 



[Test Results] 



50 



55 



complex tested in the absence of lysozyme and tested in the pLence of lysoz^^^^^^^ ' GI^GIy-MTX 
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It is observed from FIG. 17 that the N-acetylcarboxymethylchitosan moiety of the tested complexes 
undergone the degradation under the action of iysozyme and, as a result, the complexes were both 
decreased in their molecular weight. Therefore, It is expected that the complexes cannot remain for a too 
long lime in the body. 

5 

Experiment 3 
[Samples] 

10 The N-acetylcarboxymethylchitosan— Gly-Gly-Gly— MTX complex of Example 2, in which the MTX 

portion had been ^H-labeled, was used as a test sample compound. In addition, an ^H-labeled product of 
the partially N-acetylated carboxymethylchitosan as obtained in the course of the process of Example 1 was 
employed as a referential sample. 

15 [Test Procedures] 

In the following experiment, there were employed tumor-bearing male ICR mice which had received 
subcutaneous Implantation of Sarcoma 180 and subsequently had been raised for 10 days. The test sample 
compound was dissolved in physiological saline. Using three mice per group, the solution of the test sample 

20 compound was administered at a dose of 20 mg/Kg through the caudal vein. At the ends of 15 minutes. 30 
minutes, 1 hour. 2 hours. 6 hours and 24 hours after the administration, the femoral artery and femoral vein 
of the mice of the respective groups were cut to collect blood samples. The radioactivity of a serum 
sample, which had been obtained by centrifuging each of the blood samples, and the radioactivity of a 
cancer tissue taken from the corresponding mouse were measured by the combustion method. In this way, 

25 the concentrations of the test sample compound present in the serum and the cancer tissue were evaluated! 

[Test Results] 

The test results are plotted in FIGS. 18 and 19 of the accompanying drawings. FIG. 18 is a graph 
30 showing time-dependent variations in the concentration of the test sample compound present in the blood 
serum, whereas FIG. 19 is a graph showing time-dependent variations in the concentration of the test 
sample compound present in the cancer tissue. In both of the graphs, the line with squares (□) show the 
results obtained with the referential sample, whereas the line with dots (•) show the results obtained with 
the test sample complex. 

35 It Is understood from FIG. 18 that the test sample complex would be expected to promptly disappear In 
the blood circulation because it was in the form of a complex having MTX linked to the polysaccharide (N- 
acetylcarboxymethylchitosan) via the peptide chain of the complex, but that, contrary to the expectation, 
however, the retention in blood of the test sample compound having the form of the complex is actually 
comparable to or longer than the retention of the simple polysaccharide which was used as the referential 

40 sample having no MTX and peptide chain thereto, and which is namely the N-acetylcarboxymethylchitosan 
itself. It Is also observed from FIG. 19 that, as compared with the above-mentioned simple polysaccharide, 
the test sample complex can be newly imparted with such property that the complex can concentrate in a 
cancer tissue owing to the possession of the peptide chain by the complex. Therefore, it is feasible that the 
substance of the formula (I) according to this invention gains the tendency of organotropism by selection of 

45 a suitable peptide chain (-X-) to be contained in the substance of the formula (I) according to this Invention. 

Experiment 4 

In this Experiment, the following experiments were conducted using several examples of the invention 

50 substances of the formula (X) as test samples. 

Thus, the complexes which were obtained as the final products of Examples 17, 18 and 19 above and 
had the polyethylene glycol (PEG) contents of 6%. 21% and 43%. respectively, and of which the MTX 
portions were labelled with ^h, were prepared and employed as the ^H-labe!ed test compounds for use as 
Test Samples 1, 2 and 3. Further, the complexes same as those above-mentioned complexes except that 

55 the PEG portion was eliminated therefrom and the MTX portion was ^H-labeled, were also prepared and 
used as referential ^H-labeled compounds. In each of the complexes used as Test Samples 1, 2 and 3 and 
the complexes used as the referential complexes, the peptide chain which was bonded to the 2-amlno 
group of the carboxymethylglucosamlne unit of these tested complexes was Gly-Phe-Phe. The PEG portion 
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r^ampteTy.''''"''''^''^^ ""^^^ ^^^"^^ ^ ^"'^ ^ ""^^ (molecular weight: 5.000) as described 

(Test Procedures) 

r«oJ" experiment, there were employed such tumor-bearing female Wistar rats which had 

rece.ved the subcutaneous transplantation of cancer cells. Walker 256. to an inguinal part and subsequently 

SnutinnThT? l°\ H*"''" °' '''' ^^"P'^ P^^P^^^ ''^ admrnistratlon. by suitat^y 

Tr^2 ^-'".^f ^^-"P'^ ^^•^P'^'^ -ith a solution of a corresponding non-radioactively labeled 

.r^J^nrtH ''"'"^ ^""^^ 9roup. the solution of the test sample was admin- 

istered into the carotids of rats at a dose of 1 0 mg/Kg of the complex 

Under ether anesthesia, blood was sampled from the carotid of rats periodically at the ends of 30 
3 ate th. n7' ,T- ^ ^""^^ administration, and the blood was centrifuged to 

P'^^^-^^-.l^P^" «'^PS^ ti-^e of 24 hours after the administration, blood was collected from rats 
lolfin ^"T^"' T'T "^'^ exsanguination. Several tissues and organs were 

rad^ltw. ""^"i ""^^'^ °^ P^rt^ °f ^l^^ and organs, thei^ 

radioactvities were measured. ^ 

ticc '^^'°^f«^'^y °^ t'le «ssues separated was measured in the following manner. After each sample of 
^IJ^ f T ^ ^°'"''"««°" ^"'l dried, the sample was combusted in an automatS 

^^S^^lTZu^'^TT '^'-0'<^> --'«"9 ^H.O was added to a scintillator 

1 AUUAS,UL-2 . NEN) and then measured by liquid scintillation counter ("LSC-3600- ALOKA) The value of 
radioactivity so measured was calibrated by the external standard radiation source method 

(Test results) 

The test results are presented in FIG. 29 and FIG. 30 of the accompanying drawings as well as in Table 
IT T''" " time-dependent variations in the conSnTra io^ of^ach 

the c^mZtlG'^^nT'" '\ "If""^ as measured up to the end of 24 hours after the administration of 
afb^TlirrL *® distributions of each sample complex present in tissues of the 

3 thf 1^ 2 ,h ^'^P'-^f^^Vl.'''^ concentration of the complex in term of the percentages on the basis 
hLT, ! ^T.^^''- ^"'"^ ' '^^^ °* sample complex as evaluated on the 

basis of the graph of FIG. 29 and also shows the concentration of each sample complex in the Vur^Cr as 
expressed m percentages relative to the dose of the complex 

in thf hJ.-ili'""*^?^^ ""'^ u^^' ^°"'P'^'' '^"'P'^^ ^'^'^'b'ts that the complex has a better retention 

n the blood circulation as the proportion of the PEG introduced in the complex becomes greater. When th°s 

eflrZr. \ '° '''''' °' ^^'^ " understood that, as compared with The 

referential complexes the retention of the Test Sample complexes in the blood was increased much by 

Test Sam^iri T ^'^"'"^ "'"^^"^ ^"'"^ by about 3 times wUh 

in^rtucTd^PEG^Sr^^^^^^^^ °^ ^'^^ "^-^ ^^P'^ ^ (having the 

of the^^,t^H'!!.Tr!i' " !f ^««^"'^«d that, in regard to the tumor tissue, the concentrations 

PEG orfh! . T ''r'®"* ^ '"^^ ^^igl^e^ ^°"t«"t of the introduced 

the te2«d!-nmnr 7k '^^"^ *° ♦'^^^ ♦'^^ ^"'""^ «ssue. the concentrations of 

the tested complexes in these organs are not distinctly different from each other, depending on the content 

In^L T fJ^^ °* complexes. Specifically, this is as revealed from the values of The 
concentrations of the tested complexes in the tumor shown in Table 1. Thus, the introduction of the PEG 
r^nlT ^"J ^'J-^^^ty'Cf boxymethylchitosan derivative can result In that the complex gains appearance of 

content makes ,t possible to reduce the required dose of an anticancer agent and hence to reduce 
undersirable effects of the anticancer agent on other organs. 
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Table 1 



Sample 



AUCo — in Plasma (% of dose«hr/ml) 



Concentration of Sample in Tumor 
(% of dose/g at end of 24 hrs) 



Referential Sample 



15.83 

20.85 
46.20 

45.52 



0.18 
0.22 
0.35 
0.44 



Test Sample 1 
Test Sample 2 
Test Sample 3 



10 



75 



20 



25 



30 



35 



40 



45 



50 



Brief Description of the Drawing s 

In the accompanying drawings, 
FIG. 1 shows an ultraviolet absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Phe-Phe-Boc 
complex as obtained in Example 1 of this invention (at a concentration of the complex of 1900 ug/ml in 
30% aqueous ethanol as solvent); 

FIG. 2 shows a GFC elutron pattern of the N-acetylcarboxymethylchitosan— Gly-Phe-Phe-Boc complex as 
obtained in Example 1 of this invention (with detection of the complex being made by ultraviolet 
absorption at 258 nm); 

FIG. 3 shows an ultraviolet absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Phe-Phe-H 
complex as obtained In Example 1 of this invention (at a concentration of the complex of 1900 ug/ml in 
aqueous 30% ethanol as solvent); 

FIG. 4 shows a GFC elution pattern of the N-acetylcarboxymethylchitosan— Gly-Phe-Phe-H complex as 
obtained in Example 1 of this invention (with detection of the complex being made by ultraviolet 
absorption at 258 nm); 

FIG. 5 shows an ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Phe- 
Phe— MTX complex obtained as the final product in Example 1 of this invention (at a concentration of the 
complex of 100 ug/ml in aqueous 0.1% NaHCOa as solvent); 

FIG. 6 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan— Gly-Phe-Phe— MTX complex 
obtained as the final product in Example 1 of this invention (with detection of the complex being made 
by ultraviolet absorption at 307 nm); 

FIG. 7 shows an ultraviolet absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Gly-Gly-pM2 
complex as obtained in Example 2 of this invention (at a concentration of the complex of 500 ug/ml in 
water as solvent); 

FIG. 8 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan— Gly-Gly-Gly-pMZ complex 
as obtained in Example 2 of this invention (with detection of the complex being made by ultraviolet 
absorption at 272 nm); 

FIG. 9 shows an ultraviolet absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Gly-Gly-H 
complex as obtained in Example 2 of this invention (at a concentration of the compelx of 1000 ug/ml in 
water as solvent); 

FIG. 10 shows an ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Gly- 
Gly— MTX complex obtained as the final product in Example 2 of this invention (at a concentration of the 
complex of 48 ug/ml in aqueous 0.1 % NaHCOa as solvent); 

FIG. 11 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan— Gly-Gly-Gly— MTX com- 
plex obtained as the final product in Example 2 of this invention (with detection of the complex being 
made by ultraviolet absorption at 307 nm); 

FIG. 12 shows an ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan— Gly-Gly- 
Gly-Ala— MTX complex as obtained in Example 6 of this invention (at a concentration of the complex of 
50 ug/ml in aqueous 0.1% NaHCOa as solvent); 

FIG. 13 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan— Gly-Gly-Gly-Ala— MTX 
complex as obtained in Example 6 of this invention (with detection of the complex being made by 
ultraviolet absorption at 307 nm); 

FIG. 14 shows an ultraviolet absorption spectrum of the N-acetylcarboxymethylchitosan— Suc-Ala-Ala- 
Ala-p-nitroanilide complex obtained as the final product in Example 7 of this invention (at a concentration 
of the complex of 500 ug/ml in water as solvent); 

FIG. 15 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan— Suc-Ala-Ala-Ala-p- 
nitroanilide complex obtained as the final product in Example 7 of this invention (with detection of the 
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complex being made by ultraviolet absorption at 315 nm); 

FIG. 16 is a graph showing time-dependent variations in the percentages of the residual content of the 
pharmaceutical compound, methotrexate (MTX). having retained the form of its complex with the 
chitosan within plasma (in vitro), which were measured in Experiment 1 of this invention- 
FIG. 17 IS a graph showing how the reaction time of the degradation of the complexes of this invention 
by reacting with an acetate buffer was co-related to the elution time at which the elution of a peak of the 
complex appeared upon the elution of the reaction mixture at the diHerent time points of the reaction 
time when the measurement was done in Experiment 2 of this invention; 

FIG. 18 is a graph showing time-dependent variations in the concentration or level of a test samole 
i>.vTnt?on ^'^^"^ "'""^ "measurement was done in Experiment 3 of this 

FIG. 19 is a graph showing time-dependent variations in the concentration of a test compound present in 

the cancer tissue when the measurement was done in Experiment 3 of this invention- 

FIG. 20 shows an ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan-Suc-Gly- 

^n^^Ir!,Ton ^"^"^^ "^^'"^"^ ^''^'"P'^ °' ^ concentration of the 

complex of 490 ug/ml in aqueous 0.1% NaHCOa as solvent): 

r'°" .^.Ix,'*®'"'*'*^ ^ ^"^^ P^"®'" °' N-acetylcarboxymethylchitosan-Suc-Gly-Phe-Glv- 

mlwl K 1^'"'' ? ^''^P'® °* <^'^'' detection of the complex being 

made by ultraviolet absorption at 307 nm); 

dL°' ^kaSI"*'^ "'t^^^'o'et-^'sible absorption spectrum of the N-acetylcarboxymethylchitosan-Gly-Phe- 
Phe-MTX complex (with its carboxymethylation degree of 0.7) as obtained in Example 12 of this 
'^^^^ITJ^^ ^ concentration of the complex of 100 ug/ml in aqueous 0.1% NaHCOa as solvent)- 
FIG. 23 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan-Gly-Phe-Phe-MTX com- 

SSLtrJl"^ ri**'?''^''°" '^^'^^ °^ E^^-^P'e ^2 of this invention (with 

detection of the complex being made by ultraviolet absorption at 307 nm); 

FIG. 24 depicts a GFC elution pattern of the N-acetylcarboxymethylchitosan-(PEG,)-Gly-Phe-Phe-H 
complex as prepared in Example 17 of this invention (with detection of the complex being made by 
ultraviolet absorption at 258 nm); ' 

""ri ^L^^ an ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan-(PEG, )- 
-Gly-Phe-Phe-MTX complex obtained as the final product in Example 17 of this invention (at a 
concentration of the complex of 100 ug/ml in aqueous 0.1 % NaHCOa as solvent)- 

FIG. 26 depicts a GFC elution pattem of the N-acetylcarboxymethylchitosan-(PEG,)-Gly-Phe-Phe-MTX 

Sllln m J ^L"^' ^'^^'"P'^ °* <^"h detection of the complex 

being made by ultraviolet absorption at 307 nm); 

^f' ^Ja-S^°^^ ^" ultraviolet-visible absorption spectrum of the N-acetylcarboxymethylchitosan-Gly-Gly- 
Gly-MTX complex as converted into a polyol derivative which was obtained in Example 22 of the 
present invention (at a concentration of the complex of 40 ug/ml in aqueous 0.1% NaHCO, as solvent)- 
P ti. 28 depicts a GFC elution pattem of the N-acetylcarboxymethylchitosan-Gly-Gly-Gly-MTX com- 

H^tL^L'^Tr'*®'' ^ ^'m'c'm ^as obtained in Example 22 of this invention (with 

detection of the complex being made by ultraviolet absorption at 307 nm); 

FIG. 29 is a graph showing time-dependent variations in the concentrations of various sample complexes 
^hl®?i ^ °* measured up to the end of 24 hours after administration of the complexes 

when the measurement was done in Experiment 4 of this invention; and 

FIG. 30 IS a graph showing the distributions of various sample complexes which were present in different 
tissues of body of rat. and which were expressed as the concentration of the complex in term of the 
percentages on the basis of the dose of each complex. 

Industrial Utility of the Invent ion 

The novel N-acetylcarboxymethylchitosan derivatives according to this invention are intended to achieve 
the in VIVO argeting of pharmaceutical compounds. The novel derivatives of this invention are useful as 
aSr'!!!^X:T., !I P°'y^^^'=^^^"^«-tyPe Which are capable of enhancing the stability of such 

Pharmaceutical compounds in blood, the organotropism of such pharmaceutical compounds and the 
Sve? of ,h .! ' Pharmaceutical products. Further, the novel N-acetylcarboxymethylchitosan deriva- 

^mr^old, h " f '""^ °' ''^'^ complexes having linked to pharmaceutical 

Z^STu^XoZtr^'^'^'" P^°^^«- - - 
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Claims 

1. An N-acetylcarboxymethylchitosan derivative represented by the following formula (I): 



10 




NH-COCHa 

wherein Ri and R2 individually mean H or carboxy methyl group; P denotes a group RoCO-, a group 
R4NH- or a group RsO- with assuming that R3COOH denotes a compound having carboxyl group. 
R4NH2 denotes a compound having amino group and R5OH denotes an alcohol compound; Q stands 
for H or a group -OH; X represents a peptide chain containing same or different.one to ten amino acids; 
ai and 82 individually represent zero or a positive integer, provided that both of a^ and a2 are not zero 
at the same time, and b stands for a positive integer; and having the following characteristic values (1)- 



(1) carboxy methylation degree: 


0.5-1.2 


(2) molecular weight (as measured by gel filtration method): 


3.000-300.000 


(3) a/(a + b): [provided that a - a^ + a2] 


0.01-1 


(4) P/X ratio (molar ratio): 


0.1-1 



2. The N-acetylcarboxymethylchitosan derivative according to claim 1. wherein X present in XP means a 
peptide chain composed of same or different 1-4 amino acids and P is bonded to an N-terminal amino 
acid of said peptide chain. 

35 

3. The N-acetylcarboxymethylchitosan derivative according to claim 2. wherein XP means one of the 
followings: 



40 


P-Phe-Phe-Gly- , 




P-Gly-Phe-Gly-Gly , 




P-Phe-Gly-Phe-Gly- , 


45 


P-Gly-Phe-Gly-Phe- , 




P-Gly-Gly-Gly- , and 


50 


P-Ala-Gly-Gly-Gly- • 



4. The N-acetylcarboxymethylchitosan derivative according to claim 1, wherein X present in XP means a 
peptide chain containing a dibasic acid and composed of same or different 1-4 amino acids and P is 

55 bonded to a C-terminal amino acid of said peptide chain. 

5. The N-acetylcarboxymethylchitosan derivative according to claim 4. wherein XP means one of the 
followings: 
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-Suc-Ala-Ala-Ala-P , and 
-Suc-Aia-Ala-Val-Ala-P 

in which Sue represents the residue of succinic acid. 

^' IrlnTrn^^^ ^""^^^'"9 to any one of claims 1-5. wherein both the 

group R3CO- and the group R5O- are protective groups. 

7. The N-acetylcarboxymethylchitosan derivative according to claim 6, wherein the group R3CO- is tert- 
butoxycarbonyl group or p-methoxybonzyloxycarbonyl group and the group R^O- is tert-butyloxy 

^' l^'l.J'^^^^^^^ derivative according to any one of claims 1-5. wherein the 

riouuuH IS methotrexate. 

9. A partially N-acetylated carboxymethylchitosan derivative represerited by the following formula (II): 




NH-COCH3 



(n) 



wherein R, and R2 individually mean H or carboxymethyl group: P denotes a group R3CO-. a group 
R4NH. or a group RsO- with assuming that R3COOH denotes a compound having carboxyl group 
^nr^LnT compound having amino group and RsOH denotes an alcohol compound; X 

pSS!n n P^P^'^^.:?^^'" containing same or different. 1-10 amino acids; and a. b, and b2 individually 
represent O or a positive integer; and having the following characteristic values (1).(4): 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b): [provided that b = bi + ba] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3.000-300.000 

0.01-1 

0.1-1. 



ty'ZtlolX'ZsT ' carboxymethylchitosan derivative represer^ted 
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10 




(n) 



NH-COCH3 



75 



wherein Ri and R2 individually mean H or carboxynnethyl group; P denotes a group R3CO-, a group 
R4NH- or a group R5O- with assuming that R3COOH denotes a compound having carboxyl group, 
R4NH2 denotes a compound having amino group and R5OH denotes an alcohol compound; X 
represents a peptide chain containing same or different, 1-10 amino acids; and a. bi and 62 individually 
represent a positive integer; and having the following characteristic values (1 )-(4): 



20 



25 



30 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b): [provided that b = bi + b2] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3,000-300.000 

0.01-1 

0.1-1 



characterized in that the process comprises reacting a compound having the following formula: 
PX-OH (IV) 

wherein P and X have the sanne meanings as defined above with a partially N-acetylated carbox- 
ymethylchitosan having the following formula (III): 



35 



40 




(ffl) 



NH-COCH3 



45 



wherein Ri and R2 have the same meanings as defined above and having the following characteristic 
values {1)-(2): 



50 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 



0.5-1-2 

3,000-300.000. 



11. A process for the preparation of an N-acetylcarboxymethylchitosan derivative represented by the 
following formula (I): 



55 
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JO 




NH-COCH, 



(I ) 



16 



20 



wherein R, and .nd.v.dually mean H or carboxymethyl group; P denotes a group R3CO-. a group 
R.NH- or a group R.O- with assuming that R3COOH denotes a compound having carboxyl group 
FUNH2 denotes a compound having amino group and RsOH denotes an alcohol compound- Q stands 
for H or a group -OH; X represents a peptide chain containing same or different, one to ten amino 
Z.VLT^ .nd.v,dually represent zero or a positive integer, provided that both of a, and a. are not 
(lTc4? ^ ^"^ '""'"9 the following characteristfc values 



25 



30 



(1) carboxymethylatlon degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b): [provided that a = ai + az] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3,000-300.000 

0.01-1 

0.1-1 



characterized in that the process comprises:- 

^^^^^ acetylating a partially N-acetylated carboxymethylchitosan derivative having the following formula 



35 



40 



CHzORi 
■0 




45 



50 



Wherein R, and R^ Individually mean H or carboxymethyl group; P, denotes a group Ra'CO- a qrouo 

renrP^Ltf^ .'h''°T''°""'' '^^'"^ ^"''"^ 9^°"P "^^'O" alcohol compound' X 

epresen s a peptide chain containing same or different, one to ten amino acids; and a. b, and b^ 
individually represent a positive integer; and having the folloiwng characteristic values (1 )-(4 • 
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(1) carboxymethylation degree: 


0.5-1.2 




(2) molecular weight (as measured by gel filtration method): 


3.000-300.000 




(3) a/(a + b): [provided that b = bi + ba] 


0.01-1 


5 


(4) Pi/X ratio (molar ratio): 


0.1-1, 



w 



75 



removing the Pi groups from the resulting acetylation product, where the Pi groups are other than 
H or the group -OH; and 

reacting the resulting reaction product having the Pi groups removed, with a compound of the 
following formula: 

P-H or P-OH (V) 

wherein P means the group R3CO-, the group R^NH- or the group R5O- as defined above. 
12. An N-acetylcarboxymethylchitosan derivative represented by the following formula (X) or (XI): 
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(X) 



(a) 



c 



NH-Xl 



wherein Ri and R2 individually mean H or carboxymethyl group; P denotes a group R3CO-. a group 
R4NH- or a group R5O- with assuming that R3COOH denotes a compound having carboxyl group. 
R4NH2 denotes a compound having amino group and R5OH denotes an alcohol compound; Q stands 
for H or a group -OH; X represents a peptide chain containing same or different, one to ten amino 
acids; ai and a? individually represent zero or a positive integer, provided that both of ai and 32 are not 
zero at the same time; b and c individually stand for a positive integer, and -PEG represents a group 
having the following formula (VI). (VII), (VIII) or (IX): 



O- (CH2CH20)n-CH3 



CI 

-CO-CH2CH2-CO-0-(CH2CH20)n-CH3 (VII) 



'r 



(VI) 
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w 



-CO-0-(CH2CH2 0)n-CH3 (VIII) 
-CO-CH2-0-(CH2CH20)n-CH3 (IX) 

in which n means the average polymerization degree of the polyethylene glycol chain; and having the 
following charactenstic values (1)-(4): ••dv.ny uie 



(1) carboxymethylation degree: 

(2) molecular weight (as measured by gel filtration method): 

(3) a/(a + b): [provided that a = ai +32] 

(4) P/X ratio (molar ratio): 



0.5-1.2 

3,000-300,000 

0.01-1 

0.1-1 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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FIG. 18 
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FIG. 21 
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FIG. 22 
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FIG. 23 
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FIG. 24 
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